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MANUFACTURE OF GLASS. 

§ I. History of the Glass manufacture. — II. The properties of Glass and 
the principles of its manufacture. — III. Materials used in the manu- 
facture of Glass. — IV. Details of the Manu&cture. — V. Defects in 
Glass. — VI. Colouring materials for Glass. 

§ I. HISTORY OP THE GLASS MANUFACTURE. 

As a generic tenn, the name of glass has been 
applied to several mineral substances which liquefy, 
or become semi-fluid and transparent, on the ap- 
plication of a strong heat, and which retain their 
transparency or translucency when allowed to cool 
and solidify. If broken, after having been fused 
and again solidified, such bodies generally exhibit 
in their fracture that peculiar lustre called vitreous. 

In its common acceptation, however, the name has 
a much more limited application; it being confined 
to a few members of the above class, having a saline 
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constitution, that is, oonsistiog of on acid on ttie 
ono side, and a metallic oxide or base on the other, 
the acid constituent of which is silica or silicic acid, 
whllo the lnwic is commonly a mixture of an alkali 
with an earthy base, such as lime, or a mixture of 
an alkali wltli an oxide uf a metal proper, such as 
oxide of lend. 

Few productionH of artistical ingenuity contribute 
more to our convenienne and comfort than this sin- 
gular and beautiful tnibstance, the manufacture of 
which may be traced to a period of very remote anti- 
quity. Nothing is known respecting the exEict time 
of the diHcovcry of glass, and the precise attainments 
of tlio ancients in its manufacture are also iuvolred 
in uncertainty. Since no mention is made of glass 
In the Mosaic narrative, it has been considered that 
the more ancient Egyptians were unacquainted with . 
it ; but in opposition to this idea, it is urged that 
beads composed of glass, stained blue by a metaDic 
oxiile, have been discovered among the tombs at 
Tbcljes, and that the glaze on the earthenware beads 
by which some mummies are adorned is also true 
glass, coloured in a similar manner. The passage 
in the Book of Job, in which mention of glass occurs 
(ch. xxxvii. v. IR), is not generally considered a 
proof of the remoteness of its origin, as the Hebrew 
word which has been rendered glass in the Vulgate 
and Septuagint, has been differently translated in 
other versions, being used to signify various bodies 
possessed of lustre and transparency. 

The art of making glass undoubtedly originated 
in hazard observations and experiments. Some ope- 
rations practised in the ancient arts, such as the 
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firing of earthen vessels, and the reduction of metals 
from their ores, in which vitrifiable materials are 
exposed to an intense heat, were well calculated to 
lead to the invention. But these same operations 
have been practised by the Chinese from a very re- 
mote period without giving them a clue to a prac- 
*ticable process for making glass on the large scale. 
It is said, that notwithstanding the early proficiency 
of the Chinese in the manufacture of porcelain was 
so long unrivalled in Europe, yet this people are en- 
tirely unacquainted even now with an advantageous 
method of making glass from the raw materials ; 
their operations in this way being chiefiy confined 
to the re-manufacture of broken glass of foreign pro- 
duction. The skill of the Chinese, however, in imi- 
tating various precious stones in vitreous materials, 
has long been celebrated. 

The commonly received account of the discovery 
of glass, narrated by Pliny, seems to be unworthy 
of credit. According to this story, some mariners, 
whose ships had been driven on shore at the mouth 
of the river Belus which flows from Mount Carmel 
in Gralilee, lighted a fire on the sandy shore for the 
purpose of cooking their victuals, supporting their 
kettles on lumps of natron or carbonate of soda ; 
and are said to have observed that the sand, when in- 
corporated with the alkali by heat, melted and gave 
rise to a mass of transparent stone. The sand ob- 
tained from the shores by the river Belus was cer- 
tainly supposed, for a long time, to be peculiarly 
adapted to the manufacture of glass, and was con- 
sequently exported to distant countries for that pur- 
pose ; but it is more probable that this circumstance 
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was the origin of the traiUtion narrated by Plinji 
than tJiat the reputation of the sand originated in 
the above accident. 

The art of making and blowing glass was known to 
the Phojnicians, and the glass-works of Sidon and 
Alexandria enjoyed considerable reputation in the time 
of Pliny. From Alexandria, the Romans were supplied, 
at one time, with a great part of their glass vessels. 
It is said that tiie Emperor Nero paid no less a sum 
than 6000 sestertia (eciual to about 50,000/. of our 
money) for two glass cups with handles, not remark- 
able for their size, but thus valued on acconnt 
of their perfect transparence. The manufacture of 
coarse glass drinking-vessels was carried on at Rome 
from the time of Nero, but it was not until long after- 
wards that the Roman artisans attainecl proficienc^' 
in the art. One of the most celebrated specimens 
of the production of the glass-houses of antiquity 
is the vessel known by the name of the Portland 
or Barberini vase, the body of which was for a long 
time erroneously supposed to be formed of porcelain. 
This vessel was found about three centuries ago, 
enclosed in a marble sarcopliiigus, in the tomb of 
Alexander Severns, who died in the year 235. The 
body of the vase is deep blue glass, and is orna^ 
mented with delicate white opaque figures in low 
relief, in the style of cameos. The entire height 
of the vessel is ten inches, and its greatest breadth 
seven inches. For upwards of two centuries it orna- 
mented the palace of the Barberini family at Rome ; 
after which it became the property of Sir William 
Hamilton, from whom it passed to the Duchess of 
Portland. It is now deposited in the British Mu- 
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In the thirteenth century, the manufacture of glass 
was successfully prosecuted on an extensive scale at 
Venice, where it was probably introduced by the 
Crusaders, who had contrived to learn the glass- 
making processes of the Phoenicians during the Holy 
War. The quality of the drinking-glasses and mir- 
rors manufactured at Venice has been highly ex- 
tolled, and the artisans of that city continued to 
supply the greater part of the glass vessels required 
for all Europe during two or three centuries. 

France was the European state in which the ma- 
nufacture of glass was next conducted on a consider- 
able scale; the Venetian processes having been in- 
troduced there, during the ministry of M. Colbert, 
by . some French artists who had resided in Venice. 
iCong previous to this, however, to give encourage- 
ment to the glass manufacture, the French monarch, 
Louis IX., declared its prosecution to be in nowise 
derogatory to the dignity of aristocracy ; and a sta- 
tute was afterwards enacted whereby none but gen- 
tlemen or the sons of nobility were allowed to estab- 
lish a glass-house, or even engage in any branch of 
the manufacture as working artisans. A grant of 
a royal charter of incorporation accompanied the re- 
striction, by which various important privileges were 
conveyed to the manufacturers. Traces of the feel- 
ing of the gentility of the art of glass-making might 
have been detected in France, and even in this 
country,* only a few years since ; but they are now 
almost entirely extinct. The French artists who had 
learned the processes of the Venetians were establish- 

* A few yeara ago the workmen in some British glass-works were 
commonly cdled ^^ gentlemen glass-hlowers." 
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Btl hy the GuveruDient in works at Tourkville uear 
Clicrkiurg, in tiie year 1C65. 

Until towards the close of the seventeenth century, 
the only method commonly practised of fashioning a 
t hunji of glass into u vessel of any form, was by blotv- 
' ing; in a manner to be afterwards described; hut 
in HiHS, the importaat Improvement of casting 
pliiU^ft of glass for looking-glasses and other purposes, 
was introduced by Abi'aLam Thevart, who established 
a company and erected works in Paris, after having 
obtained a patent for working the process exdu- 
Bivcly for thirty years. The Parisian establishment 
I WBS soon discontinued, "but another was erected on a 
Tory extensive scale by the same company at St. 
Gobin in the department of the Aisne, which con- 
tinued for nearly a century to be the only place oft ' 
tijo Continent from whence cast mirror-plates could be 
I procured. The establishment at St. Gobin is still in 
' existence, and is deemed one of the most extensive in 
Europe. It is doubtful whether Thevart is entitled 
to the merit of having been the original inventor of 
plute-glass, as St. Jerome states that in his time (a. d. 
f 422) glass was melted and cast into plates for win- 
\ dows. Blaucourt ascribes the invention of the me- 
thod of casting glass plates to the accidental break- 
age of a pot containing melted glass, which flowed 
under a large flag-stone. On removing the stone, 
. a part of the glass was found to be in the form of 
I a plate, such as could not be procured by blowing; 
and tlie idea of casting being thus suggested to the 
artisan, he immediately afterwards proved its prac- 
ticability. This accident is said to have occurred 
towards the end of the fifteenth century. ' 
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The glass manufacture does not appear to have 
been prosecuted in this country on anything like an 
extensive scale until the middle of the sixteenth 
century; but it is believed that small glass articles 
had been made in England at a very early period, 
the processes being derived, most probably, from the 
Phoenicians when trading to this country for tin. 
The glass rings termed the glain neidyr^ or Druid 
glass rings, which are frequently found near Aber- 
fraw Palace, are supposed to have been made by the 
Druids. 

The manufacture of window-glass was commenced 
in England in 1557, at Crutched Friars, London; 
and a flint-glass manufactory was established shortly 
afterwards at Savoy House in the Strand. The using 
of pit-coal instead of wood fuel was an important im- 
provement introduced by Sir Robert Mansell in 1635 ; 
in consideration of which he was granted, by Govern- 
ment, some important privileges in the manufac- 
ture. 

Very little progress was made in the art of glass- 
making, in this country, until the year 1670, when 
the processes practised at Venice were introduced 
here by some artisans from that country under the 
patronage of the second Duke of Buckingham; and 
three years afterwards an establishment for the cast- 
ing of plates of glass was set at work at Lambeth 
under the same auspices. Another century elapsed, 
however, before any establishment of magnitude was 
undertaken for the plate-glass manufacture. In 
1771, the British Plate-glass Company was chartered 
by act of parliament ; and the company, having sub- 
scribed a joint-stock in eighty shares of five hundred 



|Ouii<i(t ciicli, erected a very extensive lactory at 
tovcnhewl, neur St. Helen's in Lancashire. These 
forks, wliicli cover ahout twenty acres of ground, 
! Btill in active operation, being rivalled by none 
Bt those of St. Gobin in France, now under the 
anagemcnt of M. Tassa^rt.* 

t brief historical sketch of the progress of the 
y*' manufacture may be very properly concluded 
r the following yiaragraph, taken from the writings 
' om iif the nuiMt cekbrated authors of the last 
mtury. 

' Who, when he Haw the first sand or ashes, by 
k coHual intcnscness of lieat, melted into a metalline 
fcrm, niggiid with excrescences, and clouded with j 
Ihnpuritios, would have imagined that in this shape- 1 
BHH lump lay concealed so many conveniencies of life 1 
m$a would in time constitute a great part of the hap- 
piness of the world? Yut by some fortuitous lique- i 
Lction wa« mankind taught to procure a body at i 
Eoncc in a high degree solid and transparent, which 
imight admit the light of the sun and exclude the 
iTiolence of the wind ; which might extend the sight 
Bof the philosopher to new ranges of existence, and 
ioharm him, at one time, with the unbounded extent 
nof the material creation, and at another with the 
P^idlesB subordination of animal life ; and what is 
yet of more importantie, might supply the decays of 
nature, and succour old age with subsidiary sight. 
Thus was the first artificer in glass employed, though 



• Some ftocnunt of ttje EStablJBhtnoni u 
Uiothvr part of the present article. 



llavciihetitl will be found ii 
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without his own knowledge or expectation. He was 
facilitating and prolonging the enjoyments of light, 
enlarging the avenues of science, and conferring the 
highest and most lasting pleasures ; he was enabling 
the student to contemplate nature, and the beauty 
to behold herself." — (Rambler, No. IX.) 



§ n. ON THE PROPERTIES OP GLASS AND THE PRINCI- 
PLES OF ITS MANUFACTURE. 

The ffeneral physical properties of glass are so 
well knolm as to render a desSiption of them super- 
fluous. Perhaps the most peculiar property of this 
body is exhibited when it is exposed to the action 
of a strong heat. Glass, like every other fiisible 
soUd, passes into a state of perfect liquidity, if heated 
sufficiently high; but at a pretty wide range of tern- 
perature, inferior to that necessary for perfect fusion, 
this substance possesses an extraordinary degree of 
plasticity, ductility, and flexibility, so as to admit 
of being blown, moulded, drawn, or cut with a pair 
of scissors, into every fanciful form that can be sug- 
gested. Its ductility is such, that a small lump in 
this intermediate state, enclosing a little globule of 
air, may be drawn out into a tubular thread of se- 
veral hundred feet in length in one minute. At 
common temperatures, and in thick pieces, glass is 
one of the most brittle substances known ; and in 
thm plates, it is equally remarkable for its almost 
perfect elasticity. Glass in its ordinary state is en- 
tirely devoid of the quality of malleability, which 
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would seem to be iDcompatible with that of vitri- 
fication.* 

Differaut kinds of glass vary in specific gravity 
from 2'4 to 4-0. Flint-glass or crystal, which con- 
tains a consideralile quantity of oside of lead, is the 
most dense, its spec. grav. being from 3-3 to 4-0. 
Plate-glass, which contains no oxide of lead, but 
soda and lime, has the density 2-4 or 2-(i. 

It has already been observed that all the varieties 

of glass in common use are bodies of a saline con- 
stitution ; the acid in which is silicic acid or silica, 
formerly called earth of flints ; the basic constituents 
being an alkali and an earth, or an alkali and the 
oxide of a metal proper. 

Silicic acid, when prepared from its combination 
with an alkali by a process which will be noticed 

♦ " SpTOfiil anticnt iiitthorH (Dion Cuseius, PetroniuB Arbiter, and 

iBiiloniB) relate, that in the le'iga of Tiberiua, an orcliitect, who had been 

boDUthed &0U Borne on account of his gieat popularity, having in hia 

retirement discovered the means of bo far altering the nature of glass 

as to render it malleable, veiitured to return to Rome, in the hope of 

aecnriiig bath a reniBsion of liis sentence and a reward for Mb invention, 

ThU discovery not agreeing, however, with tlie supposed interests of the 

tyrant, who feared lost the value of gold might be lowered by its means, 

the architect was beheaded and his Eecrel died with him. Tliis is pro- 

H bably oidy another version of the story related by Pliny, of the Esme 

H important discovery having hcen made by an artist in Rome, wlien such 

W of the populace as imagined that their interests would he injuriously 

W affected tliereby conspired together and destroyed his dwelling. 

r "A similar discovery, atteudeii by results as UBsatisfactory, and 

k which is said to have occurred in France in the more modem times ■of 

ft Louis XIII., ia recorded by Blancourt. He says that the inventor, 

B having presented a bust formed of malleable glass to the Cardinal 

H Richelieu, was rewarded for bis ingenuity by perpetual imprisonment, 

M lest the ' vested interests' of French glass manufacturers might be injured 

W by the discovery." Porcelain and Glass manufacture. Lardncr's Cy- 

[ elop»dia, p. 131 
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without his own knowledge or expectation. He was 
faciUtating and prolonging the enjoyments of light, 
enlarging the avenues of science, and conferring the 
highest and most lasting pleasures ; he was enabling 
the student to contemplate nature, and the beauty 
to behold herself." — (Rambler, No. IX.) 



§ II. ON THE PROPERTIES OF GLASS AND THE PRINCI- 
PLES OF ITS MANUFACTURE. 

The general physical properties of glass are so 
well known as to render a description of them super- 
fluous. Perhaps the most peculiar property of this 
body is exhibited when it is exposed to the action 
of a strong heat. Glass, like every other fusible 
solid, passes into a state of perfect liquidity, if heated 
sufficiently high ; but at a pretty wide range of tem- 
perature, inferior to that necessary for perfect fusion, 
Z sul^c pc«^ an ^Zmnlr degree i 
plasticity, ductility, and flexibility, so as to admit 
of being blown, moulded, drawn, or cut with a pair 
of scissors, into every fanciful form that can be sug- 
gested. Its ductility is such, that a small lump in 
this intermediate state, enclosing a little globule of 
air, may be drawn out into a tubular thread of se- 
veral hundred feet in length in one minute. At 
common temperatures, and in thick pieces, glass is 
one of the most brittle substances known ; and in 
thin plates, it is equally remarkable for its almost 
perfect elasticity. Glass in its ordinary state is en- 
tirely devoid of the quality of malleability, which 
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HtHt«i) ia water »Qd most other liquid!<, snil 
I Itii m'lHTuI iiulHriTonre tn clieinicat agents when ap- 
plii'il iti ii<|iii'ouN Miiliitiuii, the «cid characters of this 
litlmtiuii'.)', Iliiit ii4, itA dUpositiuii tu unite with and 
nutitriiliKti tilt! nlkttlino ptxipcrties of potash, soda, and 
Mhcr htwcn, hit not no obvious as those of most other 
RUlmttmi'CN bi'ltm^inp; to this class of bodies; and until 
tho nisuiiri'Imn nl' Sir Uiiniiihri'y Davy and Berzelius, 
Bilioio ituid wiiH ranked ■with earths proper. Feeble, 
howovtir, m Hit* its acid characters, thb substance may 
Im niodo to unito with alkalies and most other bases, 
to form It tnio olaw of salts, of definite constitution. 
WIma It niixtnrii of silicic unid with carbonate of soda 
or carboiiatii ui' |Kitnsh ia ptrongly calcined in a cruci- 
blo, tlio alkiiliiiii iiiirboiiiito is dwonipoeod, a silicate of 
the alkali liolng fornunl iind I'arboiiic acid gas evolved, 
TliU diicouiponition is produi-wl through the more 
powerful iilllnity of the alkiUiuo base for silicic acid 
than for carlioniu acid, when the materials are placed 
in the circumstuntHW abdve iiu^iitiomid. A compound 
of silicic acid with an alkali may also be obtained 
by the continued digestinn of the acid, in a state of 
fcie powder, in the iu]ueoU8 solution of the alkali. 

Silicic a<'.id appears to be capable of combining with 
alkalies in more than one proportion, forming com- 
binations which differ little from eiich other in their 
properties, except in degree of fusibility ; those which 
contain the largest proportion of alkali being inva- 
riably the most fusible. But it is probable that some 
of these apparently definite silicates may be merely 
mechanical mixtures of true silicates with silicic acid, 
for a fused alkaline silicate possesses the property 
of dissolving silicic acid with a readiness proportional 
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to its temperature; and the silicic acid and silicate 
of snch mixtures do not separate by crystallization, 
but always solidify together as a homogeneous glass. 
One part of potash ^anhydrous) is capable of bring- 
ing into a state of fusion, in an ordinary wind fur- 
nace, even ten parts of silicic acid ; which proportions 
correspond to fifteen equivalents of silicic acid and 
one equivalent of potash. With a larger proportion 
of potash, a white enamel, instead of a glass, is ob- 
tained. The greatest quantity of silicic acid with 
which one part of anhydrous soda can be made to 
unite readily to form a fusible glass, is twelve parts. 
This proportion corresponds to one equivalent of soda 
and twelve equivalents of silicic acid. With equal 
weights of the bases, soda produces a more fusible 
silicate than potash. 

A point which deserves particular attention, is, 
that alkaline silicates always retain their vitreous 
character; they never acquire a stony appearance, 
nor do they become crystallized, whether cooled 
quickly or slowly. 

The only silicates which are soluble in water are 
those of potash and soda. The substance called 
soluble glassy a solution of which has been applied to 
paper, cloth, wood, &c., to prevent or retard their 
inflammation on the contact of an ignited body, is, 
as usually made, a combination of the silicate of 
potash with the silicate of soda, made by fusing a 
mixture of silicic acid with the alkaline carbonates. 
The proportions of the materials recommended by 
Dcebereiner for preparing this compound are 70 parts 
of carbonate of potash, 54 parts of carbonate of soda, 
and 152 parts of ground flints or quartzose sand. 
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This double silicato is more fiisille than the silicate 
of potash alone, with a corresponding proportion of 
silicic acid ; and tlie solution of the former penetrates 
into the pores of wood with greater facility than that 
of the latter. The solubility of alkaline silicates is just 
in proportion to the quantity of alkali they contain, 
those which contain most alkali being most soluble. 

On the addition of a strong acid, such as the 
muriatic for instance, to a solution of the silicate 
of potash or soda, the strong acid combines with 
the alkali and sets silicic acid at liberty. If the 
solution is tolerably strong, the silicic acid disen- 
gaged in this manner ia precipitated in a gelatinous 
state, in combination with a definite quantity of 
water. But if the silicic acid present forms less 
than one-thirtieth of the weight of the water, it is 
retained in solution ; for thongii perfectly insoluble 
in water, in its ordinary state, this substance may 
be brought into a peculiar condition, in which it 
is soluble to a certain extent. The thermal springs 
of Reikum and Geyser in Iceland contain a con- 
siderable quantity of silicic acid in solution in this 
peculiar state, and most spring water contains a 
minute quantity. The gelatinous precipitate of 
silicic acid, obtained as just described, may be dis- 
solved if put to digest in thirty times its weight 
of water ; but if dried so as to expel its combined 
water, as well as that which served to hold it in 
solution, it becomes perfectly insoluble in water. 

When a hot concentrated solution of silicic acid 
in muriatic acid is allowed to cool, it assumes the 
form of a tremulous, transparent jelly, of sufficient 
consistence to allow of the inversion of tlie vessel 
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containing it, without any flowing out. On a further 
desiccation the silicic acid parts with its combined 
water, and becomes aggregated and insoluble. 

The properties of the silicates of earthy bases and 
of oxides of metals proper, which also enter into the 
composition of glass, and therefore require our ex- 
amination, are quite different, in some respects, from 
those of the alkaline silicates. 

When an intimate mixture of silicic acid and car- 
bonate of lime (chalk or marble) is strongly calcined, 
combination always ensues, with the formation of 
silicate of lime; and if the carbonate constituted 
more than 36 per cent, of the weight of the mixture, 
the resulting mass is entirely soluble in muriatic 
acid. But the ^ mass does not enter into a state 
of fusion unless the proportions of lime and silicic 
acid are confined within limits not very distant, and 
even in the proportions most favourable for fusion 
it requires the highest temperature attainable in a 
wind fiimace for the mass to become quite liquid. 
The silicates of lime which contain 53, 62, and 76-5 
per cent, of silicic acid are the most fusible (Berthier). 
The formulae of these silicates are Ca 4- Si Oa ; 2 Ca 
+ 3 Si Oj and Ca + 2 Si Oj. These compounds 
are not vitreous, like the alkaline silicates, but stony 
and slightly translucent like porcelain, if they have 
been brought to a state of perfect fusion. Silicate 
of lime enters into the composition of plate-glass, 
window-glass, bottle-glass, and crown-glass. 

It is difficult to form silicate of alumina by the 
calcination of a mixture of alumina and silicic acid, 
in consequence of the very intense heat requisite to 
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determine tlie combination. But the presence of 
•om« other bases, which form fusible silicates, greatly 
luwlHtft the union of the silicic acid with alumina, 
fiiliciitcs of ttlumiuft itre found in great abundance 
in naturw, most frequently in combination with other 
»iUctttcB. (Mays ore composed almost entirely of 
tilllciite of alumina; felspar and leucitfi are silicates 
Iff uliiuiina and potash ; analcime and albite are 
iiiJicateH of iiliiniiiia and soda; prchnite, stilbite, mica, 
ineHolito, toiiniuilim?, and several other minerals are 
Hilicatiii) of alumina and lime. All the proper sill- 
nat'iH of uliiniina am quite intiisible at the highest 
twnporttturu tif a wind furnace. 

The variety of glass of which silicate of alumina 
KJwayH foriuH a (umstituunt is bottle-glass. 

Hiri(!iitt!S of lead may be readily prepared by cal- 
cining in u common furnace mixtures in atomic 
propiirtionii of Hilicic acid and oxide of lead. If 
the mixture contains any quantity less than four 
(«iuivalmitn of silicic acid to one of oxide of lead, it 
fimn8 rewlily; oxido of load imparts fusibility to all 
BilicatcH infuHlliIi! by themselves, if applied in suffi- 
cient quantity. 

Silicate) of lead foi'iiis an essential constituent of 
flint-glass, crystal, and the kind of glass called 
Btrass. An uxcetts of oxide of lead gives the glas» 
a yellowiMli tint. 

Protoxide of iron forms sovcnil definite compounds 
with silicic acid, some ol' wliicli are met with in na- 
ture. Mixtures of silicic acitl with the protoxide in 
proportions corresponding to the following formulae, 
4 Fe + Si 0., 2 Fe O + Si 0^, Fe + Si 0„ and 
2 Fe + 3 Si 0,, may be fused in a wind furnace 
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black or dark olive-grey compounds are thereby formed, 
all of which possess a crystaUine or lamellar structure, 
with the exception of 2 Fe + 3 Si 0,, the fracture of 
which is conchoidal (Berthier). The dark colour of 
common bottle-glass is chiefly owing to the presence 
of one of the silicates of the protoxide of iron ; and 
the first three of the above silicates are the basis of 
the slags of iron blast furnaces, in which they are 
often found in the state of regular crystals. 

M. Berthier could not succeed in forming a sili- 
cate of peroxide of iron by igniting a mixture of 
the peroxide with silicic acid. After exposure to 
a very intense heat, the mixture still remained in 
a pulverulent state, without any combination having 
taken place. In the presence of an easily fused si- 
licate, peroxide of iron forms a greenish yellow com- 
pound with silicic acid. 

The silicates of protoxide of manganese formed 
artificially by heating carbonate of manganese with 
silicic acid, are fusible, crystalline, and coloured either 
slightly red, green, or olive. 

From the preceding brief description of the pro- 
perties of all the silicates of which the common va- 
rieties of glass are composed, it appears, that neither 
of them separately is fit to make glass intended to 
bear exposure to the weather. The essential qualities 
required in common glass are transparency, absence of 
colour, moderate fusibility, and insolubility in water, 
which qualities are never found combined in a single 
silicate. 

Among this class of bodies, permanent transpa- 
rency and solubility in water are possessed only by 

VOL. II. c 
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IUlcati» of the fixed alkalies, potash, soda, and litfaia: 
■11 t)io romaiiiing silicates, not excepting silicate of 
nail when it docs not contain an excess of oxide of 
uu), art) either perfectly opaque or translaeent like 
Mbornohiin, and quite insoluble in water, and most 
nf tlifiUi have a crystalline structure. Here we have 
Kbu principles of a distribution of all simple silicates 
Hnto two classes, which will be found of great con- 
RDiiience when considering the practical application 
pf tliCNO bodies more in detail. 
I Hut although no simple silicate can be used as 
MitSN, for the reasons just mentioned, yet mixtures 
■of ditferent silicates may be obtained fulfilling all the 
BtHinlnid conditions. When a mixture of two sili- 
■Sntiia Iwlongiug to tlio opaque or crystalline cla^ 
III Htrongly calcined, combination sometimes ensues, 
IwltJi the formation of a true double salt, the pro- 
Ijwrtlns of which ore not always the mean of those 
1^ it.N ccmstituents. Sucli double silicates are ge- 
tnvrally more fusible and more translucent than their 
veonNtitueiitH Heparatoly. But no combination consist- 
rtng of two ttp[U|Uo or trnnstucent silicates only can be 
lolilaineil artilicially in a state of transparency ; nor can 
[ft perfivtly insoluble glass be prepared from mixtures 
I In liny propurtions of the fixed alkaline silicates only. 
I From tliis class of bodies a combination of the 
Iqiialitit'H of transparency and insolubility in water, 
I with aliscnco of crystuUine structure, can only be 
I obtained (with a single exception),* by combining to- 
I gethcr silicates belonging to the different classes above 
I referred to ; and as such a combination, every ordi- 

I • llio (■XMOplion nircrrei! lo is tlic silicftlu iiroxiilf of lead, containing 
I ftn rxccHH iil'ImNc, TIiin siilDitnTicu (ursus a tran^piirpiil but yclluw gloss. 
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nary variety of transparent glass may be considered. 
The earthy or metallic silicate thereby loses its opa- 
city, and in a great measure its disposition to crys- 
tallize; while the alkaline silicate, on the other hand, 
becomes rendered insoluble. The temperature at 
which the combination of the two silicates softens 
or fiises is also much more convenient for working 
than that necessary for the fusion of the earthy or 
metallic silicate alone. 

Potash or soda, or a mixture of both of these alka- 
lies, forms an essential constituent, therefore, of all 
the common kinds of glass : the differences in the pro- 
perties of the various kinds are principally produced 
by varying the quality and the proportion of the base 
of the earthy or metallic silicate. Considering glasses 
as true chemical, and therefore definite, combina- 
tions of different silicates, the various kinds may 
be distributed under the following heads : 

1. Silicate of potash and oxide of lead ; 

2. Silicate of soda and lime, or silicate of potash, soda, and lime ; 

3. Silicate of potash and lime ; 

4. Silicate of soda, lime, alumina, and oxide of iron. 

To the first class belong flint-glass, crystal, and 
strass ; flint-glass contains more oxide of lead than 
crystal, and strass more than flint-glass. 

Common window-glass, English crown-glass, and 
plate-glass constitute the second class in the above 
arrangement. 

Foreign crown-glass and the refractory Bohemian 
glass are the double silicate of potash and lime. 

The fourth class comprises the coarse green glass 
rtf which wine-bottles are made. 

c 2 
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It is uncertain whether glass ought to he con- 
sidered a chemical combination, or a mere mechanical 
mixture of the different silicates. A circumstance 
highly favourable to the view of its being a definite 
chemical compound, is, that the nearer the materials 
for the glass are compounded in atomic proportions, 
the better, in genei'al, is the quality of the glass, 
other circumstances of the manufacture being equal. 
If an excess of the alkali is introduced, a portion of 
the excess volatilizes when the mixture is fused, and 
the resulting glass affords to boiliug water a small 
quantity of the alkaline silicate, much more readily 
than it would had the materials been compounded 
in proportions rigorously atomic. The power of glass 
to resist the continued action of boiling water and 
acid and alkaline liiiuids may be ascertaiued by boil- 
ing concentrated sulphuric acid uiwin the glass : if 
good, the sui-face remains smooth and transparent; but 
if bad, it becomes rough. The oiJy acid which acts 
upon glass with energy is the hydroHuoric. 

If a moderately thick glass vessel is cooled to the 
ordinary tem|H!rature soon after it is formed, the 
brittleness of the glass is increased to such an extent 
that a sraaU change of temperature or the meres* 
scratch is apt to cause the vessel to fly to pieces. 
The two philosophical toys known as the Bologna 
phial and Prince Rupert's drops, and the "tests" 
or " proofs" which may be obtained at the flint-glasa 
works, are well adapted for illustrating the properties 
of glass in this peculiar condition. The first of these 
is a common-shaped phial with a thick bottom and 
thin sides, which hjus been cooled to the ordinary 
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temperature immediately after being blown. If a 
small piece of any hard and angular mineral capable 
of abrading glass, such as a grain of sand, or what 
is better, a fragment of a gun-flint, is dropped into 
the phial, the latter immediately falls to pieces, the 
fracture commencing from the part abraded. The 
phial, however, will sustain a heavy blow with a 
wooden mallet, or the concussion caused by the fall of 
a leaden bullet, without injury. Prince Rupert's drops 
are small, solid, pear-shaped pieces of quickly cooled 
glass with an elongated stem, made by allowing the 
red-hot glass to drop into cold water. The spherical 
part of the drop will bear without injury a heavy 
blow from an instrument the surface of which is 
not sufficiently hard to scratch the glass ; but if the 
minutest portion of the stem or tail is broken off, 
the whole drop instantly falls into a multitude of 
smaU fragments ; and if the drop is held by the 
fingers, a slight stinging sensation is perceived from 
the sudden rupture. 

These remarkable properties of quickly cooled glass 
are not difficult of explanation ; they are produced 
merely by the unequal contraction of different parts 
of the same vessel through an unequal rate of cooling. 
Owing to the imperfect conducting power of glass, 
the surface of the vessel in contact with the atmo- 
sphere becomes cooled and solidified while the interior 
substance remains in the soft and expanded state. 
When quite cold, the glass is therefore in a state of 
tension, the relative positions of the exterior and 
interior portions not being exactly the same as if the 
whole vessel had been allowed to contract equally by 
a very gradual cooling. In this state of tension, 
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which baa been compared to that of n piece of ebtfa 
stretched oneqiuU; in different parts, the slightest 
scratch od the Kor&ce is sufficient to derange the 
equilibrium ; a fracture consa{neDtly ensues, which, 
from the elastic (lualit; of the glass, proceeds throi^ 
the entire thjckneas of the vessel. 

The glass may obviously be prcrented from ac- 
quiring these properties by subjecting it to a slow 
refrigeration, commonly called ," annealing," so that 
the contraction of the interior and exterior portioaa 
may be as equable as possible. The disposition of 
badly annealed glass yessels to fly to pieces may even 
be completely corrected long after the vessel is l)e- 
ctirae quite cold, by heating it slowly to a tempera- 
ture about that of boiling water and then allowing 
it to cool very gradually. If heated to redness and 
■lowly cooled, the Bologna phial and Prince Eupert's 
drops may he entirely deprived of their extreme sus- 
eeptibility of breaking. The glass experiences an 
increase in density by this treatment, which shews 
that an approsimation of the particles takes place. 

If glass is maintained for a long time, however, 
at a high degree of heat, but lower than that re- 
qilisite for its fusion, it is apt to suifer another 
change iu its molecular structure; becoming opaque 
or translucent, fibrous, considerably harder, more dif- 
iioult of fusion, a conductor of electricity, and a bet- 
ter conductor of heat. After being thus treated, the 
glass is HO liard as to cut common glass with facility, 
anil to give sparks when struck with steel ; it is 
incapable of becoming electrically excited by friction, 
unlcKM insulntcd ; and if the heating has been con- 
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tinned a long time, the glass is enabled to sus- 
tain without breaking a sudden cooling from a red 
heat to the ordinary temperature, by being plunged 
into cold water. Several interesting observations on 
the properties and uses of glass in this devitrified 
state were made by the French naturalist, M. Keau- 
mur, and communicated to the Academy of Sciences 
in 1739. The opaque glass is commonly known as 
" £eaumiu*'s porcelain." 

All the varieties of true glass are probably sub- 
ject to this change in their molecular structure, but 
some kinds are much more susceptible of it than 
others. The glass which acquires it with the greatest 
facility is the common green bottle-glass, which differs 
from the other varieties in containing a greater num- 
ber of bases. It was formerly believed that the 
change produced in the glass is owing to the che- 
mical action of the powdered gypsum or sand with 
which it is necessary to surround the vessel in order 
to preserve its ^hape, the powder being supposed 
to act by a process like that distinguished by the 
name of cementation. But the devitrification of the 
glass proceeds as regularly forward in the absence 
of gypsum, sand, or any other cementing substance ; 
it must be effected, therefore, by the action of heat 
alone. The glass sometimes experiences, however, 
a slight change in its composition, during the pro- 
longed heating, through the volatilization of a trace 
of its alkali ; but the loss of alkali is by no means 
an essential part of the process of devitrification^ 
as is believed by some. The bases in the glass as- 
sume a new molecular arrangement ; and the silicates, 
instead of continuing in a vitreous state, become crys- 
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llized ftud opaque. The higher the temperature to 

whicli tho glusa is oxposcil, provided it is below tlie 

point At which fusion takes place, the more rapid is 

_ till) change. At ii ftill red heat, a piece of a com- 

(Don wine-hottle has been completely devitrified in 

wo hours. Tho toughness of the altered glass, its 

icult fusibility, and its power of withstanding the 

Ktiun of iicid liquids aud of resisting sudden altema- 

Kiuns of tenipt-ratuii?, would probably render vessels 

* this inatcrifd of great service in the laboratory 

B a substitute for those of ordinary glass, porcelain, 

^aiid even in some cases, for those of platinum. 

If the devitrified glass is exposed to a very intense 
heat, it fuses aud reassunies its original vitreous 
charncters, which it retains permanently if cooletl 
in the ordiniu-y manner. The farther the process 
of devitrification had been carried, the higher is the 
[iipci'ature nocesHary for fusion. 



III. (IN THK MATKK1AL8 USED IN TUE MANUFACTtTEE 

OV (il-ASS. 

The quality of glass dt^pends in a great measure 
, the judgment with which tlie ingredients from 
. it is prepared arc selected, and on the proper 
^plication of certain correctives for the impurities 
^at may be present. The only essential constituents 
r all the common kinds of glass are silicic acid, pot- 
ih, soda, lime, oxide of lead, alumina, and oxide of 
•on ; but some of these may be introduced in several 
(^illerent forms, in his choice of which, the manu- 
!r is guided in a great measure by the relative 
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facility with which they may be procured. The 
principal materials used in the fabrication of dif- 
ferent kinds of glass are the following : 

Fine white sand ; 

Common river sand ; 

Quick-lime ; 

Lime, slacked by exposure to the air ; 

Chalk; 

Pearlash ; 

Potashes ; 

Soda crystals ; 

Carbonate of soda, by treating comtnoti salt with pearl-UHli ; 

Soda ash ; 

Sulphate of soda (salt-cake) and chnrcoul ; 

Common salt ; 

Broken glass ; 

Nitre ; 

Soap-boilers' waste ; 

Sulphate of potash and charcoal ; 

Red lead ; 

Litharge ; 

Black oxide of manganese ; 

Arsenious acid. 

The most convenient form in which silicic acid 
can be procured is as fine sea-sand, which consists 
of minute grains of quartz rounded by attrition. 
The sand preferred for making the finer qualities 
of glass is obtained from Alum Bay, on the western 
coast of the Isle of Wight, and from the port of 
Lynn in Norfolk. A very excellent sand is also 
raised on the estate of the Earl of Derby, near Li- 
verpool, For some purposes, the sand requires to 
be calcined, sifted, and washed. 

Common flints, calcined and ground, were formerly 
used in the manufacture of the best glass, but that 
material has been entirely superseded in this country 
by sand. Oxide of iron is the most important of 
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riie importtics which sanil b likely to contain, a very 
minute qnantitj of the protoxide being sufficient to 
communicate a sensible greenish tinge to the glass.* 

Lime is introduced in the fumia of chalk, quick- 
lime, and the mixture of hydrate and carbonate of 
lime obtained by allowing quick-lime to slack by ex- 
posure to the air. Common chalk is not well adapted 
for the purpose, in consequence of the presence of 
a small quantity of organic matter, which imparts 
a brownish tinge to the glass. All the chalk used 
at a crown-glass house in the North of England is 
procured from the clitfs of Dover. The quantity of 
chalk or lime should be carefully apportioned to 
that of the other materials, as a slight excess is apt to 
produce a milkiness in the glass, through the separa- 
tion of a portion during the cooling. Soda-gl^s 
bears a greater addition of lime than potash-glase. 



• Two mi^thoiia of prcpnriiig pure silicic iicid for ihe pli 
liUT from common sand or any impure siliceous mineral, have been 
liru[)OBC(l by Mr. Itsgon. One of these consists in calcining at s red 
hf al a mixture of one part of the ailiceons substance with three parts of 
an alkali, diBsolting the fused Ttms» in water, and decanting and evapo- 
rating to dryness the clear supernatant liquid. The residuary alkaline 
ailicatc nuiy then be mixed with more silicic acid, and with the other 
constituent necessary to the production of glass. The other method 
consists, first, in heating a mixture of the siliceous mineral with fluor 
gpv and sulphuric add, and iu conducting the disengaged fluosilicie acid 
gas (Buoridc of silicon) into water. By the reaction of the water and 
fiuoridc of silicon there arc obtaiucd, a deposit of pure silicic ncid in ■ 
state of most minute division, nnd an aqueous solution of hydrofloou- 
Ucic acid. The former is to be seprtmted by lillratiun ur atiy other coi>- 
veiiicnt mode, and used in the manufacture in tlie ordinary manner ; and 
tlie solution of hydrofluosilicic acid is mixed with common salt and 
evaporated to dryness in order to obtain dry fluosilicate of soda, which 
h is said may he ti«ed ae one of the materials for the production of glosa. 
For these and other " imprDveuicnIs" in Ihc glass manufacture (stomc of 
which nrc elsewhere alJuded to in this article) Mr. Ragon obtained a 
paicni ill 1839. 
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The presence of magnesia in the lime renders the 
fusion of the glass considerably more difficult. 

Potash and soda are generally introduced in the 
form of carbonates. During the calcination with 
silicic acid, the alkaline carbonate is decomposed, its 
carbonic acid escaping in the gaseous state, while the 
base unites at the same time with the silicic acid. 

The quality of the glass is much affected by the de- 
gree of purity of the alkali. For making fine flint- 
glass, the pearlash met with in commerce requires 
to be freed from its impurities by being digested in 
a very small quantity of hot water, in which the 
pure carbonate of potash dissolves, leaving the less 
soluble impurities, which are chiefly chlorides of po- 
tassium and sodium and sulphate of potash, undis- 
solved. The solution of the carbonate is conducted 
into a leaden pan to cool and become clear, and is 
afterwards transferred to an iron boiler in which it 
is evaporated to dryness. For the coarser glasses 
containing potash, the alkali is introduced either as 
conmion pearlash or as crude potashes. 

The soda used in the plate-glass manufacture is 
the purest that can be procured. At the celebrated 
^tablishment of St. Gobin in France, before alluded 
to, pure carbonate of soda is employed, prepared in 
the usual manner by decomposing sulphate of soda 
with lime and charcoal. Formerly, the greater part 
of the alkali used at the plate-glass works at Baven- 
head was obtained by mixing common salt with a 
solution of pearlash; when double decomposition 
takes place, with production of chloride of potassium 
and carbonate of soda. By evaporating the mixed 
solution at a moderate heat, the chloride of potassium^ 
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wliich is roach leas soluble than the carbonate, maj 
be separated almost perfectly by crystallization ; and 
to obtain the carbonate, the mother-liquor is a,fter- 
wards evaporated to dryness. 

The alkaline ingredient osed in the window-glass 
manufacture is chie6y soda-asb, which contains, be- 
sides carl)onate of eoda, some chloride of sodium 
and sulpliate of soda. For making wine-bottles, the 
crudest alkali that can be procured is generally em- 
ployed ; such as the soap-boilers' waste, which consists 
principally of lime that has been employed for making 
caustic ley. The residue of the evaporation of the 
mother-liquor obtained in the process of making 
soda crystals is also made available in the manu- 
facture of some kinds of gloss. 

The alkaline sulphates have been substituted for 
the carbonates in some branches of the glass ma- 
nufacture ; but silicic acid, of itself, is scarcely able 
to expel the sulphuric acid of these salts. To assist 
their decomposition, it is necessary to introduce either 
charcoal, or else a larger proportion of lime or chalk 
than would otherwise be employed. The excess of 
lime or chalk acts by withdrawing sulphuric acid 
from the alkaline sulphate to fonu sulphate of lime, 
which does not dissolve in the fused vitreous mass, 
but falls as a sediment to the bottom ; and if the 
lime is added in a proper proportion, the glass made 
in this way does not contain a trace of sulphuric 
acid. The decomposition of the alkaline sulphate is 
effected more easily by chalk than by lime. 

lu contact with charcoal at a high temperature, 
the alkaline sulphates are readily decomposed by 
silicic acid ; the sulphuric acid being decomposed by 
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the carbon, with production of sulphurous acid and 
carbonic oxide gases. An excess of charcoal should 
be carefully avoided, as it communicates a brownish 
or sometimes a greenish-blue tinge to the glass. The 
latter colour is probably derived from some compound 
of sulphur with soda or sodium, analogous to that 
contained in the mineral lapis lazuli or the pigment 
ultramarine. For decomposing sulphate of soda, the 
proportion of charcoal should not exceed one part 
to thirteen of the calcined sulphate. 

Another form in which soda has been introduced 
is that of chloride of sodium or common salt ; but 
as silicic acid is unable, alone, to unite with the 
base of this compound, it is necessary to add some 
carbonate of potash, by the reaction of which on 
chloride of sodium there result carbonate of soda and 
chloride of potassium. The former is immediately 
acted on by the silicic acid, while the latter sepa- 
rates as a scum on the surface of the fused mass. This 
process is only foUowed on some parts of the Continent 
where carbonate of soda is not easily procured. 

In making flint-glass, a part of the potash is in- 
troduced in the form of nitre ; but that article is used, 
chiefly, for the purpose of destroying, by its oxidizing 
power, any carbonaceous matter that may exist in 
the ingredients, and of peroxidizing any iron which 
may have contaminated the sand or alkali. Nitre 
gives off* a large quantity of oxygen gas long before 
the mixture attains the softening heat. 

The protoxide of lead, which always enters very 
largely into the composition of flint-glass, is applied 
either as red lead or litharge. When red lead is 
used, a quantity of oxygen gas is disengaged during 



the calcination of the ingredients ; but this effect doM 
not talte place with litharge, which is the protoxide. 
Great care should he taken to ensure the absence 
of any copper and zinc in the red lead or litharge, 
as oxide of copper renders the glass green, and oxide 
of zinc railky-white. White lead (snbcarbonate of 
lead) and galena (the native sulphuret of lead) have 
been occasionally employed in the place of red lead or 
litharge. Sulphate of lead, which may be obtained 
at a cheap rate in some localities and perfectly free 
from copper, has been proposed as another sabstitnte. 
It b said that this compound readily produces a 
glass with silicic acid. An excess of oxide of lead 
impairs the brilliancy of the glass, renders it very 
soft, and gives it a slight yellomsh tinge. 

A material in common use for the preparation of 
most kinds of glass is old broken glass, technically 
known by the name of " cuUet." In consequence 
of the volatilization of a portion of its alkali, glass 
cannot be worked at so low a temperature the second 
time as the fu-st ; for which reason it is a common 
practice to introduce a small excess of alkali with 
the cuUct. 

The only important material used in the glass 
manufacture wliich remains to be noticed is the 
block oxide of manganese. This substance is not 
used to impart an essential constituent to the glass, 
but to clear the mass of the colour which it acquires 
through the presence of carbonaceous matters and 
protoxide of iron. When the green silicate of the 
protoxide of iron, dissolved in the melted glass, comes 
into contact with one of the higher oxides of man- 
ganese, it abstracts some of the oxygen of the latter, 
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and becomes conyerted into the silicate of the per- 
oxide of iron, which is almost colourless in compa- 
rison with the silicate of the protoxide. By thns 
parting with oxygen, the peroxide of manganese be- 
comes reduced to the protoxide, which combines with 
silicic acid to form a colourless silicate. The car- 
bonaceous matters which tinge the fused mass are 
also oxidated by the peroxide of manganese, their 
carbon being converted into carbonic oxide and car- 
bonic acid gases. This application of peroxide of 
manganese long since procured that substance the 
name of ^^ glass-makers' soap." 

But if the manganese is appUed in a minute quan- 
tity more than is absolutely necessary to remove 
the carbonaceous matters and peroxidize the prot- 
oxide of iron, it imparts a very decided lilac or ame- 
thyst colour to the glass; and with a little larger 
proportion the glass might be made so dark as to 
appear quite black when in mass. The colour of 
the glass in this case is due to the formation of 
a compound of silicic acid with the sesquioxide of 
manganese,* which dissolves in the fused vitreous 
mass. If a small quantity of charcoal or any car- 
bonaceous substance is introduced into the melted 
glass, thus coloured, the sesquioxide of manganese 
becomes gradually reduced entirely to the state of 
protoxide, and the lilac colour disappears completely. 
The purple tinge arising from an excess of manga- 
nese is sometimes destroyed in this way on the large 

* The sesquioxide of manganese is intermediate in composition be- 
tween the protoxide and peroxide. The three oxides are represented by 
the following formulsB : protoxide = Mn O, sesquioxide = Mn,, O3, 
and peroxide = Mn O,. 
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scale, a woodcii rod being thrust down into the melted 
glass; but a iniicli more advantageous method is to 
introduce a small quantity of white arsenic (arseni- 
ous acid), whicli reduces the sesquioxide of manga- 
nese to the state of protoxide, becoming, itself, con- 
verted into arsenic acid, A very slight excess of man- 
ganese, however, is preferred by some manufacturers, 
OS the brilliancy of the! glass is considered to be in* 
creased by tlie delicate amethyst tint. 

If a email quantity of nitre is introduced into 
melted glass containing the colourless protoxide of 
manganese, the latter acquires oxygen and becomes 
converted into the amethyst sesquioxide. Sach a 
change also takes place slowly when glass containing 
the protoxide of manganese is exposed to air and 
light at common temperatures. 

Another material used to destroy the brown co- 
lour arising from the presence of carbonaceous mat- 
ter in the fused mass is arsenious Etcid, the use of 
which in removing the lilac tint from an excess of 
manganese has just been alluded to. In producing 
these two decolorizing effects, the action of arseni- 
ous acid is of a very different nature ; it being oxi- 
dizing in the one, and deoxidizing in the other. The 
carbonaceous matter is dissipated in the form of car- 
bonic oxide and carbonic acid gases; the arsenious. 
acid becoming reduced to metallic arsenic, which is ex- 
pelled in the state of vapour. The arsenic, however, 
siiould be employed with moderation, as a very small 
excess is apt to render the glass slightly opalescent. 
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§ IV. DETAILS OF THE MANUFACTUTIE OF GLASS. 

The glass-house in which the processes of melt- 
ing and blowing are performed is usually built in 
the form of a truncated cone, open at top, of sixty or 
eighty feet in height, and forty or fifty feet in dia- 
meter at the base. In the centre of the area is 
situated the furnace, containing from five to ten 
glass-pots or crucibles for melting the materials. 
The grate of the furnace is nearly on a level with 
the floor of the glass-house ; and the ash-pit is a 
subterranean passage, extending from each side of 
the furnace to the exterior of the building. But 
the particular arrangements of the glass-house and 
the construction of the furnaces are varied according 
to the kind of glass prepared. 

The glass-pots of the bottle and crown glass houses 
usually have the form of a truncated cone, the nar- 
row end being the base. Their depth is commonly 
four feet six inches ; their diameter at top from four 
feet to four feet six inches, and their diameter at 
bottom about three feet four or six inches. The 
pots for flint-glass are covered at top, and have 
a mouth at the side ; but those for crown-glass and 
bottle-glass are open at top. 

The material of which the glass-pots are made 
is fine clay, as pure and refractory as can be ob- 
tained. It should be free from every trace of lime, 
in any state, and iron pyrites; and the less oxide 
of iron the better. The kind of slate-clay dug out 
of the coal formation near Stourbridge, which con- 
tains very little, if anything, besides silicic acid and 
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iiliimiuii, is decidedly preferred tu all other clajsfijund 
ill this country. After having been picked, gronnd, 
and fim-ly sifted, the powder is mixed with abont 
onc-ti)urt.h of its Vfeiglit of ground old pots, and the 
mixture is kneadud with water until it becomes s 
nnifonn and sniootli past4>. The kneading is brat 
porfurnietl by treading with the naked feet, the mass 
being turnc<I over occasionally, that every portion 
of it may be thoroughly acted on. The mixture 
is usually kept for some time in a damp cellar to 
"ripen," l»cfoni it is worked up into shapes. After 
the gtass-pot is formed, it is allowed to remain for 
a C(tni4iilentb]e time in lui apartment heated by a 
0ue to a little above the ordinary temperature (about 
80"), in onlcr that it may be slowly dried in an 
[ual nmnner throughout its whole thickness. The 
no allowed by some manul'acturcrs for this gradual 
miccotion is two or three years. 
Iteforw the pot is " set" in the furnace, it must 
Hubji'cted to lui annealing process, which consists 
gradually increasing its temperature during se- 
'al days to briglit reJness. This is usually done 
a rovcrberatory, constructed for the purpose; the 
in which must be raised very slowly, not more 
lan a shovel-full of coals being introduced at a time, 
id that at rcgulai" intervals. While a,t a bright 
[1 or oven a white heat, the pot is quickly trans- 
ferred, with the assistance of adequate machinery, 
into its scat in tlio hot furnace ; a part of the face 
of whicli must be pulled down to allow of the ready 
itruction of the old pot and introduction of the 
!w one. The duration of the pots of the crown- 
works is generally tiltoul tliree months. 
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1. FLINT-GLASS. 

Flint-glass, the silicate of potash and lead, is dis- 
tinguished from all the other kinds of true glass by 
its greater density, softness, fusibility, lustre, and 
refractive power. It is also the kind of glass most 
easily fashioned into vessels, but the materials from 
which it is prepared are considerably more expensive 
than those for making any other. 

The glass known on the Continent by the name 
of crystal is generally made of the same materials 
as flint-glass, the only difference consisting in the 
latter having a little more oxide of lead than the 
former. This kind of glass derives its English name 
from the circumstance that calcined flints were for- 
merly employed as its siliceous ingredient ; but this 
use of that mineral has long since been abandoned, 
wherever the operations are conducted on an exten- 
sive scale. 

The usual arrangement of a flint-glass house may 
be understood by reference to the accompanying 
figure. The fiimace, which is generally round, is 
situated in the centre of a cone-shaped building, 
and may contain from four to ten melting-pots. 
The furnace represented in the figure contains eight. 
The flues of the furnace, of which there are as 
many as there are pots, are arranged at regular 
intervals around the circumference of the furnace, 
one being placed between two pots ; and immediately 
abreast of each pot, and between two flues, is an 
aperture called the "working-hole," for the intro- 
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duction of the raw materials and the extraction of ■ 
the plastic glass. At the left-hand side of thai 
figure is i-epresented one end of a long gallery calledl 
the " leer " or " annealing arch," in which the ' 
sels are annealed. The small furnace at the faa 
on the right-hand side, is for the purpose of soften-J 




ing the glass during its fahrication into a vessel, 
when the lump is too large to lie heated betbi'e one 
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of the working-lKdes. The floe for this fhmaee 

and that ci the store helonging to the annealiiig 

arch maj txmast of a sheet-iron tnhe. p^ ^ 

The opening at the base of the hoild- 

ing represents one extremity of the 

Taolted ash-pity which nins through 

the entiro broadth of the hoose. The 

cracible for malring flint-glass is of 

the shape shewn in fig. 2, and is 

often sufficiently large to contain a ton of melted glass. 

Considerable difference may be fonnd between 
the proportions of the materials for making flint- 
glass employed by different manufacturers, and it 
is probable that exactly the same receipt is followed 
in no two houses; hence a scrupulous adherence to 
any particular ratio cannot be considered as essen- 
tial to the success of the process. A specimen of 
English flint-glass, of first-rate quality, analyzed by 
M. Berthier, consisted of 

ffilicicadd 59'2 

Oxide of lead 28-2 

Potash 9-0 

Oxide of iron and manganese 1'4 

This result corresponds with the following atomic 
constitution : 

20 equiyalents of silicic acid 620 59*2 

3 equivalents of oxide of lead 333 31*8 

2 equivalents of potash 94 9H) 

1047 100-0 

The following proportions were long ago recom- 
mended by M. Loysel, the fuel employed being coal : 
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Fine wTiitc sand 100 pirts 

Bed lead 80 to 85 „ 

Pcfttlash 35lo40 „ 

Nitre 2 to 3 „ 

Manganese 0-6 „ 

The mishire used by most manufacturers of the 
present time does not deviate greatly from the aboTe. 
With a coal fire, the following may be taken as the 
average : 

Whitesand 9 parts 

Rtdlead or litharge 6-6 „ 

PoarlBBli with B litrfe nitre 4-3 „ 

A very good glass may be obtained, however, with' 
a much smaller proportion of litharge, but a higher 
temperature is then required for working the glass. 
A mixture of this kind recommended by an excellent 
authority (Mr. Aikin), is, 

Wliitesand 120 parts 

Purified jiciirlaBh 40 „ 

Bod lead or litharge 35 „ 

Nitre, with B Bmall qUBntiCy of manganese ... 13 „ 

When flint-glass of a first-rate quality is required, 
purified carbonate of potash is always employed in- 
stead of pearlash. 

The raw materials having been thoroughly incor- 
porated together are mixed with from a fourth to 
a third of their weight of broken flint-glass, and the 
mixture is introduced, by means of a clean iron 
shovel, into the melting-pot, previously heated to 
whiteness. The raw materials for other kinds of 
glass are sometimes subjected to a calcination, termed 
"fritting," before they are introduced into the cm- 
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cible ; but this operation is always omitted in making 
flint-glass. The cmcible is at once filled with the 
mixture, and the temperature of the furnace is soon 
raised to the TnAYimnni. As the mass subsides by 
being melted, a fi*esh quantity of the mixture is 
introduced, until at length the crucible becomes filled 
with the melted glass. The mouth of the crucible 
is then closed by applying a lute of clay around the 
stopper, leaving only asmaU aperture at the bottom. 

The glass does not become transparent for some 
time after it has attained a state of complete fusion ; 
its opacity being due to the presence of saline and 
earthy impurities, which do not fnse and incorporate 
with the vitreous mass. Some of the infusible mat- 
ters, being specifically heavier than glass, subside to 
the bottom of the pot; but the greater part of the 
saline impurities rises as a scum to the surface of 
the melted glass. As the scum, which is known by 
the name of " glass-gall " or " sandiver," rises, it is 
skimmed off through the aperture in the mouth of 
the crucible : if not removed in this way, it would 
be slowly volatilized as a dense vapour, and produce 
an injurious effect on the roof of the furnace. Every 
portion of this saline matter should be removed be- 
fore the glass is withdrawn from the crucible for use. 

When from forty to forty-eight hours have elapsed 
from the time of charging, the vitrification is ge- 
nerally complete; and if the glass-gall is entirely 
dissipated, and the mass become transparent and 
colourless, the temperature of the crucible is then 
lowered by lessening or altogether stopping the 
draught of the furnace. The object of this is to 
bring the glass from a state of perfect fluidity, in 
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which it could not be freely worked, to that peculiar 
plastic condition in which it is capahle of being 
pulled, bent, blown, or cut into every conceivable 
shape without breaking or parting with its adhesive- 
ness. The glass should be kept in this state all the 
time it is worked, which may vary from six to 
twenty-four hours. 

Although the manual operations of fashioning va- 
rious articles of flint-glass are varied almost inde- 
finitely in their details, according to the particular 
form required, they are reducible, nevertheless, to 
a few simple processes, some of which may be illus- 
trated by an account of the manner of producing a 
small bell-shaped jar. The implements of the glass- 
blower are few and extremely simple. The most 
important one is an iron tube, open at both ends, 
from four to five feet in length, with a bore of from 
one-third of an inch to an inch in diameter. A mass 
of the soft glass is collected on one extremity of this 
tube or blow-pipe, by alternately dipping the end 
of the pipe in the glass and exposing it for a mo- 
ment to the air, until a sufficient quantity is ob- 
tained. The pipe is then held in a perpendicular 
position for a few seconds, with the end to which 
the glass is attached downwards ; and when the mass 
is sufficiently elongated, it is rolled on a smooth and 
flat iron plate, called the "marver,"* in order to give 
it a cylindrical form. The workman now blows 
strongly through the tube, to cause the lump of glass 
to he distended by its plasticity and the presstire of 

* Corrupted from Ihe French marbrt. The English uamea of several 
implements uaeil in glass-houaca are dearly derived from their French 



FLINT-GLASS. 



41 



tlie breatJi into a hollow globe (^. 3). When a 
vessd of moderate size is required, it seldom hap- 
pais that the globe is obtained sufficiently lai^ and 
thin by a single blowing ; and as the expanded glass 





presently solidifies, it becomes necessu'y to soften it 
by the application of heat previous to the second 
blowing (fig. 4). The alternate heating and blowing 
are continued until the globe is obtained of a conre- 
nient size and thickness. 

At this stage of the process, an assistant applies 
to the surface of the globe, at a place immediately 
opposite to that at which it is attached to the tube, 
a knob of soft glass on the end of a solid iron rod 
called the *' punto" or " pontil," considerably smaller 
than the tube used for blowing. The two soft masses 
thus becoming firmly welded together, the first work- 
man detaches the globe from the tube by touching 
its tubular neck either with a file or an iron rod 
just before wetted with cold water. After a crack 
has been thus produced, a smart stroke on the tube 
readily separates the globe, which must then be held 
by the punto. 

Having once more softened the vessel by holding 
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it at the muuth of the furnace, the workman pro- 
ceeds to expand the aperture left by the removal 
of the tube; for which purpose, his principal instru- 
I ment is one resembling a large iron forceps, called 
' a " proceUo," the two blades of which are connected 
Fig n. by an elastic bow, like those of 

a, pair of sugar-tongs. With 
this instrument the workman, 
being seated on a stool pro- 
vided with straight projecting 
amis, as shewn in fig, 5, en- 
larges or contracts the glass 
vessel as may be desirable, 
running the pontil at the same 
[ time on the arms of the stool. The superfluous glass is 
cut away with great facility by a large pair of scissors. 
When the vessel is fully formed and become quite 
I solid, it h detached from the punto in the same 
F manner as it had previously been detached from the 
tube, and is immediately conveyed to the annealing 
arch to undergo a very gradual refrigeration, the 
I reasons for which have already been adverted to. 

The mode of fashioning a common wine-glass will 
L also afford a good example of the ordinary manipula- 
j tions of the glass-blower. A small bulb, of the'form 
I shewn in fig. 3, having been blown, its extremity is 
I flattened by revolving it on the arms'of the stool, 
against a small disc of iron, and an assistant applies to 
the flattened end a little 
lump of soft glass, which 
is elongated by the pro- 
cello so as to form the leg of the wine-glass (fig. 6). 
While this is being done, the assistant blows a smaller 
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bulb on another tube, and applies its end, while yet 
soft, to the soft extremity of the leg; the small 
bulb is then detached from its tube, and after having 
been softened by exposure to a hole in the furnace, 
is expanded by the pro- pig. 7. 

cello into a flat foot (fig. 
7). A punto tipped with ==== 
melted glass is next ap- 
plied to the centre of the foot, the blow-pipe is de- 
tached, and the body of the glass is fashioned to the 
required shape in the manner described above for 
the bell-jar. An endless variety of forms may be 
obtained by the dexterous combination and modi- 
fication of the manipulations above alluded to. 

Imitations of cut-glass vessels are made by blow- 
ing the soft glass into a polished metallic mould, 
the form of which it acquires with as much faith- 
falness as wax. 

The annealing arch is a rectangular arched cham- 
ber of from thirty to forty feet in length, three 
feet in height at the centre, and about four feet in 
width. One end of the chamber is moderately heated 
by a small stove, the smoke and hot air from which 
pass along the gallery to about two-thirds of the 
length of the latter, where they are discharged by a 
chimney. The vessels to be annealed are introduced 
into the arch at the heated end, being disposed on 
shallow iron trays, called " leer-pans," which are 
usually placed in two rows on the floor of the cham- 
ber; and as one of the trays is removed at the cool 
end, another empty one to receive more hot glasses 
is introduced at the heated end. 
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The time reqaired for properly unnealuig 

id thill vessels of flint-glass is from twenty to 

nty-four hours. As tliick vessels require a madt 

iger time, and also a higher temperature at the 

ited end, than thin vessels, it is usual to have two 

three of these annealing galleries attached to the 

same working furnace, so that the process may be 

conducted, if necessary, in a different manner with 

different articles, at the same time without 

itioD. 
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The variety of glass known by the name of StraS^ 
ihich in used as a general colourless basis for facti- 
ioiis gems, on account of its remarkahle lustre, 
longs to the same class of vitreous bodies as flint- 
The chief difference between the composition 
of Ktross and flint-glass consists in the former con- 
taining the largest proportion of oxide of lead. Some 
maniifactiu'crs also introduce a small proportion of 
trax. With the basis alone, by being worked on 
le la[ti<lary's wheel, excellent imitations of colour- 
[liunionds may be obtained; and by uniting it 
fusion with various metallic oxides, a great variely 
precious stones ai'e cotmterftited. 

lit regard should be paid to the state of purity 

materials from which strass is prepared. The 

lence of oxide of tin in the litharge or red lead, 

of oxide of iron in the sand, should be particu- 

■ly avoided, as the former would communicate an 

lucity, and the latter a yellowish or greenish colour, 

the glass. To ensure tlie absence of oxide of iron 

the sand, that material should be calcined and 

• 8u c!iill,>il tVoiii l}ip iiimic ..r itP Germmi ir 
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then washed, first with dilute muriatic acid, and after- 
wards with clean water. 

M. Lan9on, who has made several experiments 
on tills subject, recommends the following proportions 
of the materials : litharge, one hundred grains ; 
white sand, seventy-five grains; and pure carbonate 
of potash, ten grains. According to M. Doualt 
Wieland, an excellent strass may be obtained by 
either of the following recipes : 

No.L No. 11. 

grains grains 

Rock crystal, ground, 4056 3466 

Red lead 6300 5328 

Pure carbonate of potash 2154 1944 

Borax 276 216 

Arsenic 12 6 

No. III. No. IF. 

Fine white sand 3600 

Rock crystal, ground, 3600 

Pure white lead 8508 8508 

Pure carbonate of potash 1260 1260 

Borax 360 360 

Arsenic 12 

M. Wieland observes, that both the lustre and 
density of the glass are increased by a tranquil and 
prolonged fusion, and hence recommends that the 
materials should remain in a melted state for twenty- 
four hours. The colouring metallic oxides proper 
for combining with this glass will be noticed in 
another section of the present article.* 

* The yitreous basis preferred by Fontanieu, in his treatise on co- 
loured glasses and artificial gems, is prepared in the following manner : 
Eight ounces of pure rock crystal or flint, in powder, mixed with twenty- 
four ounces of carbonate of potash, are calcined and left to cool. This 
mixture is afterwards transferred to a basin of hot water, and ti^eated 
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2. CHOWN-GLASS. 



Crown-glass, which is a silicate of soda and lime, 
as made in this country, is chiefly used for making 
windows. Being much more difficult of fusion, and 
therefore less easily worked, than flint-glass, it is 
not commonly fashioned, like the latter, into vessels 
of capacity, whether for use or ornament. Crown-glass 
is also much harder than flint-glass, and consequently 
not so well adapted as the latter for cutting and 
grinding. 

The general arrangements of a crown-glass house 
are quite similar to those of a flint-glass house (fig. 
1, page 36). The furnace containing the glass-pots, 
which is built in a rectangular form, is situated in 
the centre of the cone, with various smaller furnaces 
for secondary operations on each side ; and the ash- 
pit, called the "cave," runs across the building, as in 
the flint-glass house. The centre furnace oontainB 

witli dilute nitric acid till it ceases to effervcBce ; when llio frit 
waslied until tiic water comes off tasteless. The frit ia now dried and 
mixed with twelve ouDCea of fine white lead, and the raixtare is levignted 
and elutriated with a little dietilled water. An ounce of calcined banz 
ia to he added to ahuut twelve ounces of the preceding mixture in a 
dry Btale, the whole ruhhed togetlicr in a porcelain mortar, then melted 
in a clean crucible and poured into cold water. This vitreous matter 
must be dried, and melted a aecond and a third time, always in a new 
»ueible ; and after each melting, poured into cold water as at first, taking 
care to separate the reduced lead. To the last glass, ground to powder, 
five drama of nitre are added ; and the mixture being melted for the 
lost time, a mass of crystal will he found in the crucible of a brilliant 
lustre. To the Btrass thus prepared M. Fontanieu applied the name 
of Mayence base. Another mixture, recommended by the si 
tity, is, eight ounces of white lead, two ounces of powdered borax, 
three ounces of rock crystal, and half a grain of inanganeac. (Di 
lire's Dictionary of Arts, &c., art. Olaas-making.) 
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four or six pots, each sufficiently large to hold half 
a ton or more of melted glass. The best stone for 
constructing those parts of the crown-glass furnace 
which are exposed immediately to the fire, is a fire- 
stone of very close grit, procured from the neigh- 
bourhood of Newcastle. Extreme nicety is required 
in the proper adjustment of the blocks, as no cement 
whatever is employed for the interior of the furnace. 
The duration of a crown-glass fiimace is from eigh- 
teen months to three years. 

A crown-glass house requires several subsidiary 
furnaces, adjoining or around the inside of the cone, 
besides the oven necessary for annealing the glass- 
pots previous to their being set. Of these furnaces 
the first which comes into use is that called the 
" colcar,"* for calcining or " fritting " the materials 
previous to their being completely fused and vitrified. 
The form of the colcar is generally similar to that 
of an oven, the fire-place being on one side, so that 
the flame is enabled to reverberate from the crown 
of the colcar back to the materials on the sole. The 
area of this fiimace may be from six to eight feet 
long, and from five to six feet wide, and the height 
in the middle about two feet. Four of the other 
subsidiary furnaces are for the purpose of softening 
the glass while it is being fashioned into a circular 
plate : the first is called the " blowing fiimace," to 
facilitate the blowing of the glass into a large globe ; 
the second, the " bottoniing hole ;" the third, the 
" nose hole ;" and the fourth, the " flashing fiimace ;" 
the use of each of which will be presently described. 
Another fire-place is that attached to the annealing 

* A name corraptcd from the French calquaite. 
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arch. The flashing furnace is represented in eleva- 
tion in fig. 13, page 53, and the annealing arch in 
fig. 15. 

The materials at present employed for making 
crown-glass in this country are fine sand, chalk, and 
either soda-ash (crude carbonate of soda), or salt-cake 
(dry sulphate of soda), mixed with a little charcoal, 
with small quantities «f black oxide of manganese, 
arsenious acid, and occasionally oxide of cobalt, to cor- 
rect any defects in the colour of the glass owing to 
the presence of oxide of iron. On some parts of the 
Continent, where carbonate of potash is as available 
as carbonate of soda, the alkaline constituent is either 
a mixture of potash and soda or potash only. The 
analysis, by M. Dumas, of a specimen of crown-glas3 
of German manufacture, afforded results which cor- 
respond to one equivalent of neutral silicate of potash 
with one equivalent of neutral silicate of lime ; or 
K 0, Si Og + Ca 0, Si Oj. For making crown-glass, 
either a portion or the whole of the alkali is generally 
introduced in the state of sulphate, a small proportion 
of charcoal being added to decompose the sulphuric 
acid. 

In consequence of the fluctuating quality of soda- 
ash, crown-glass manufacturers do not constantly 
adhere to any fixed proportions of the materials, and 
for the same reason are also under the necessity of 
determining, by analysis, the amount of real alkali in 
every fresh supply of ash before it is used on the large 
scale. The usual proportions employed when all the 
alkali is introduced in the form of soda-ash, are, 100 
pai'ts of (juartz sand, 85 to 40 parts of chalk, a quantity 
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cantuniiur siKnat ^ ]mrts^ of sc^la, and fnwi 
130 te dOd ]Mcrts of old farc^Lisi ^kfis or coilko.. Thr 
fnpBT pnjKirtianiB of araenious arid and Max^ ctxido 
of iBaa^aassR can he learned onhr bx trial. Thr 
smi mBBr £na lie calcmed at a dull red hca7 m 
the cokao; and ilien Ih^ carefuDr sifted: tbo chalk 
is abe «iLkaii«L Imr at a more moderaxe lieai: thr 
olgoct: fif lins qpencdon lieiiur merelr the thoroiurfa 
dfffjncafltkai of the chalk, and not the cxpukaazi (^ 
any pataon cf its carbonic acid. The sand and 
chalk kaiin? l^een thn«: dried and £nelT siAvid^ are 

diy mad in a piLtremlent ^^tate^ and the mirmre is^ 
ready to be fboTdQed at once int^ the xrlaf^jn^ts sa 
a wkite JieaL 

Such is ihe mediod at present pnrsmed in nearly 
all the crovn-g^as: hoodES in this conntrr. Knt 
formerij it was an unirei^ practice to sulvjecl the 
mixture of the raw materials (neither of tliem haxing 
been previoosly heated) to a calcination in the colcar^ 
or fritting fnmaoe, where it was well stirred about 
with iron paddles and rakes. This practice is still 
followed, I believe, in some crown-glass bouses. 

The objects of this preliminary calcination, called 
the fritting, are, 1% the e3q>ulsion of the water 
contained in the mixture, whether free or in chemical 
combination; 2% the combustion and dissipation of 
the carbonaceous matters which may be accidentally 
present in the materials; 3% the expulsion of car- 
bonic acid from the chalk ; and 4% the union of the 
base of the alkaline carbonate with silicic add, the 
carbonic acid being expelled. The last of these 
objects of the fritting process seems to be the most 

VOL. II. K 



L 



MASTTFACTtniE OF GLASS. 

important. When the raw mixture is introduced into 
the white hot glass-pot, a portion of the nncombined 
alkali may volatilize before it could have time to be- 
come fixed by uniting chemically with the silicic acid. 
The temperature of the colcar should be moderate, 
and raised gradually for three hours after tlie mate- 
rials are introduced, so as to avoid tlie volatilization 
of the uncombined alkali. When the mixture ac- 
quires a pasty consistence, it should be diligently 
stirred about, in order to facilitate the extrication 
of the carbonic acid from the soda-ash, and the com- 
bustion of the carbonaceous matters which are pre- 
sent. Towards the end of the third hour, the tem- 
perature must be considerably raised, but not to an 
extent sufficient to fuse the mass ; and at the ex- 
piration of the fourth Lour, the process may be con- 
sidered completed. Wiile the mass is still hot and 
soft, it is raked out into large cast-iron trays, and 
cut by a spade into square cakes, which are after- 
wai'ds piled away in a large apartment for use. Some 
crown-glass manufacturers formerly considered these 
frit bricks to improve with age, and therefore so 
conducted their operations as to avoid using the frit 
until it had been prepared for twelve months or 
longer. As already observed, however, the fritting 
process is now generally dispensed with, since it is 
found that as good glass may be prepared by merely 
desiccating the materials thoroughly previous to their 
being *' founded " or melted in the glass-pot. 

The pots being ready to receive their charge, they 
are filled with the raw mixture or the blocks of frit, 
and the furnace is brought as quickly as possible to 
its maximum temperature. As soon as the quantity 



CROWN-GLASS. 51 

first introduced is melted down, which happens in 
about eight hours, another charge is thrown in ; and 
so on, until the pot contains a sufficient quantity 
of the melted glass. The vitrification of the mix- 
ture is generally complete in about eighteen hours. 

As soon as the glass attains a state of tranquil 
fusion, the disengagement of gas haying completely 
ceased, the temperature of the pot is graduaUy lowered 
by completely closing the draught-holes to the fur- 
nace; the chinks in the door-places of the cave 
being stopped up, for this purpose, with mortar. 
After a few hours the glass becomes perfectly clear, 
some of the foreign saline and earthy matters having 
subsided to the bottom, and others risen to the sur- 
face ; and after the fire has been again raised a little, 
and the whole of the glass-gall skinmied away, the 
glass is ready to be worked off*. To preserve a clean 
surface of glass, an earthenware ring, about two feet 
in diameter and three inches thick, (made of the same 
material as the pots,) is put to float on the melted 
glass, the surface having been skimmed immediately 
before* Within the ring, the surface of the glass 
is much cleaner than without. 

The common process whereby a lump of this soft 
glass is fashioned into a thin plane sheet, is one of 
the most singular that can be witnessed in this or 
any other manufacture. The workman having col- 
lected on the end of his blowing tube, from the inside 
of the earthenware ring, as much glass in successive 
layers as experience teaches him is sufficient for 
one sheet or table (which should weigh about nine 
pounds)* rolls it into a pear-shape on a cast-iron 

* It is remarkable that the tables of crown-glass made by expe- 

b2 
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plate or marver, an attendant boy slightly distending 
the mass by blowing at the same time; and the 
workman again softens the glass by holding it before 
the open mouth of a small furnace called the blow- 
ing furnace. He then rolls the bulb a second time 
on a marver, to correct any considerable inequalities 
in the thickness of its sides, and to elongate the 
neck by collecting a mass of glass on the end of the 
tube, thereby giving the bulb the form represented 
in fig. 8. The farther extremity of the bulb being 
supported on a horizontal smooth iron rod placed 
across a sort of stool (fig. 9), or what is more con- 
venient, across a pit in front of the marver, the work- 
man expands the bulb by blowing until it becomes 
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Fig. 8. 
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nearly spherical. After another softening and blow- 
ing at the blowing furnace it should be quite round, 
as fig. 10. 

In this state the globe is taken to the " bottom- 
ing hole," which is a fiirnace similar to the flashing 
furnace, fig, 13, but having a much smaller opening, 
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vbae il is expoeeA m the adatm of flame, l^ wni^^ 
nun beai^ screened iram the heat bT a wall crwT«d 
in fivot and a lin^ cm one side of xbe h(de : thr 
Uovii^ tube is sigipanied "bj « iioc4 jipcfiectiiig from 
tiie vafl. Bt revohing lie j3ohe "sidle ibe pan q»- 
poGXte to liie tnbe is saftened l:*;- 1^ IteaL the ccntn- 
fbgil fane txdtteA soon ctoses it to Fip. ii. 
asEnrae tite form <£ £g. 11. When 
tibis is adlfflsed, &e globe is nitb- 
dnint frcm "Qte botbamng hcJe. imd 
anodia' workman sppiQes a panto 
tipped witii melted g^ass to tbe centre 
of the flatteawd part, idule the first 
workman detadi^ tlie Uowing pipe bj touching tJie 
neck ttf the ^he with a piece of iron wetted with 
cold -water. 

Holding ibe globe by the punto, *^- '*■ 

the WOTkman nest exposes it to the JT^^-^ 

action of a modoste flame b^»re an- ^ j 

other circolar opening called the " nose- 
hole," and by rotating it with a gradn- 
aHj in^eaang velodty expands the 
orifice produced throi^ the removal f^ j^ 
of the former neck : by this the 
glass acquires the shape of fig. 
12. It is next heated in a 
similar mtumer, hnt more 
powerfiiHy, before the flashing 
famace, fig. 13 ; and being ro- 
tated rapidly, it soon acquires 
the form shewn in fig. 14. On 
increasing the motion, the flat- -^^g 
tened globe at length flies com- 
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lAletely open, being converted into a fiat circular 
nearly sixty inches in diameter, of uniform 
Fig. 14. thickness throughout, except where 

it is attached to the punto.* "When 
* tlie plate is sufficiently cool, the 
wurknian lays it flat upon o large 
iron fork held by an assistant, and 
cracks off the punto by applying a 
I cold iron: the plate is then immediately transferred 
f to the annealing arch (fig. 15), where it is placed, 



Fig. IS. 




resting on its edge, in an 
iron frame, or on two poles 
of wood. The arch is gene- 
rally made large enough to 
receive two rows of tables, 
p= SIS represented above by the 
" dotted lines. The time re- 
iquired for the annealing is about twenty-four hours, 
wording to the old plan, in which the whole arch 
heated to nearly an uniform temperature and 
buffered to cool gradually ; but a much shorter time 
J-gnffices in the modern annealing process, where the 
f flrch is strongly heated at one end and nearly cold 
pat the other, the tables being gradually drawn from 
tthe hot end to the cool end. 

From each pot of glass, containing, when fall, about 
rhalf a ton of " metal," there are generally obtained 
■ one hundred tables ; and at a moderate-sized esta- 
tbUshment four such pots are worked off three days 
i'in each week throughout the year. 

The scum which is removed from the surface of 

* The knob in the centre of the diEc, called tlic ■' bull's uyc" is tht 
■It where the putita lutd been attached. 
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the melted glass, and the small residues in the pots, 
are "refined" by being poured into cold water. The 
glass thereby becomes disintegrated, so as to fall to 
a coarse powder, and a portion of the saline impu- 
rities present is dissolved out by the water. After 
being drained and dried, this glass is ready to be 
mixed and melted with fresh raw materials. 

Broad-glass. — The materials from which the va- 
riety of glass known by the different names of broad 
window-glass, spread window-glass, inferior window- 
glass, German plate-glass, and British sheet-glass is 
made, are similar to those for making crown-glass. 
As commonly met with, spread-glass is coarser in 
texture and duller than crown-glass, and it always 
presents a wavy surface. In this country it was 
formerly made of very coarse materials, all the alkali 
being introduced in the form of a mixture of soap- 
boilers' waste and kelp ; but this branch of the glass 
manufacture has undergone a considerable improve- 
ment of late, though the article now produced is con- 
sidered to be inferior to crown-glass in lustre. 

The processes for making this kind of glass and 
fashioning it into a thin plate are varied slightly in 
their details at different establishments, but the ge- 
neral nature of the operations is the same in all 
places. In one respect, the manipulations by which 
the plate is formed, differ essentially from the " flash- 
ing" process for crown-glass, as will presently be 
seen. The raw mixture is generally fritted with con- 
siderable agitation, for from twenty to thirty hours, 
and is introduced into the glass-pots while red- 
hot from the colcar. When the mass becomes per- 
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jctly vitritiiHl aiid ready for working, which \a^ 

f pens in aliout sixteen or twenty hours trom the time 

[ of charging the pots, the workman collects ahout 

LfiDur pounds of the glass on the end of his tuhe, and 

Mows it, after two or three heatings at a blowing 

oi'nace, into an elongated ball (tig. 16) of ten w 
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welve inches in diameter, and nearly as long as the 
' intended plate. The blowing pipe being steadily 
supported on a stool, an assistant makes a hole in 
the pear at the end exactly opposite the pipe, and 
the opening thus made is enlarged by a procello 
(see page 42), the glass being steadily turned round 
until the end of the pear is at length opened into a 
cylindrical mouth, as shewn in fig. 17. A three- 
pronged punto, tipped with melted glass, is then 
applied to the open mouth; and the cylinder being 
held perpendicularly, the blowing iron is cracked off 
in the usual way. The opening thus made, having 
L<i>een heated before one of the furnaces, is expanded 
^y the procello until it becomes as large as the other 
end; when t!ie cylinder is either slit through its 
whole length with a paii- of shears (fig. 18), or 
cracked with a wet iron. The punto is then de- 
tached, and the split cylinder is introduced into a 
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sort of reverberatory furnace, called the " flattening 
kiln," the floor of which must be quite level and 
smooth, the cylinder being placed on its side ho- 
rizontally with the slit uppermost. In this kiln the 
cylinder soon becomes softened by the heat, and the 
workman then opens it with the assistance of an iron 
instrument, until the whole lies upon the hearth as 
a flat sheet. From the flattening kiln the glass is 
transferred to the annealing kiln, the temperature 
of which is higher at one end than the other. The 
glass is first laid flat upon the hearth at the hottest 
part; then on a place called the " cooling bed," where 
it remains until it becomes quite stifi* and rigid; and 
lastly, on one of its edges in another part of the kiln. 
When a suflicient quantity of the sheets has been 
thus paed away in compact masses, the whole is 
heated uniformly, and then allowed to cool gradually 
for several days, the entrance of external air being, 
at first, carefully excluded. 

Some inconveniences are experienced in the work- 
ing out of this process in the usual manner (as just 
described), particularly in the flattening and anneal- 
ing; for obviating which, a patent has been lately 
granted to Mr. James T. Chance of Birmingham 
(1842). Instead of transferring the glass abruptly 
from the flattening kiln to the annealing kiln, and 
of lifting it from its first position in the latter to 
the "cooling bed" while the glass is still soft, and 
therefore liable to distortion, which has generally 
been done in order to save time, Mr. Chance adopts 
a plan of flattening and cooling, by which the glass, 
after having left the flattening chamber, is made to 
pass through a succession of decreasing temperatures^ 
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Dot being liAcd antil it is quite stiS* and rigid, lii 
this plan, also, the workman is enabled to go uu 
with the operation of flattening while the plates are 
being annealtiil ; which is impracticable in the usaal 
nnHle of procedure, because the temperature of the 
flattening kiln must be reduced with tliat of the 
annealing kiln, to which it is contiguous, and a 
wast« of fuel and cundderable expense foi' repau^ 
are also experienced by the successive heating and 
cooling of the kilns. 

In one of the arrangements described by the pa- 
tentee, the flattening and annealing kilns are two 
circular buildings, communicating one with the other; 
each composed of an external wall and an internal 
masonry work, the intervening space being a cir- 
cular arched vault. In each of these vaults ia placed 
a cast-ii'on frame, supported on castors, and capable 
of being turned round at pleasure, by a connection 
with a winch fixed outside. The frame in the flatten- 
ing kiln supports a series of " flattening stones," 
and that in the annealing kiln a number of metallic 
wires, radiating towards the centre of the building, 
for the purpose of supporting the plates to be an- 
nealed. 

The glass cylinder is introduced into the flatten^ 
ing kiln through an opening in the external wall at 
about 80" from the middle of the communication be- 
tween the two kilns, and placed on one of the fiat, 
tening stones ; it is then moved (by turning the winch 
of the cast-iron frame) until it comes abreast of 
anothei" opening called the " working hole," which 
is about 135° from the middle of the communica- 
tion between the two kilns ; and immediately on the 
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farther side of the working hole is situated the prin- 
cipal furnace for heating the vault. Another smaller 
fomace for heating the flattening stones, previous 
to their receiving the cylinders, is placed on the 
opposite side of the hole through which the cylinders 
are introduced. After having been flattened by the 
workman in the ordinary manner, through the work- 
ing hole, the glass is moved slowly around the vault 
(other cylinders being treated in like manner all the 
time) until it comes abreast of the annealing kiln. 
It is then placed, by means of an instrument intro- 
duced through a hole in the external wall, on the 
revolving frame in the annealing vault, and con- 
stantly moved through a gradually decreasing tem- 
perature, until it arrives at the coolest part, when 
it is withdrawn fully annealed. The stove for heat- 
ing the annealing vault is situated a little on one 
side of the junction of the two kilns. Partitions are 
placed in the flattening and annealing vaults at cer- 
tain intervals, to prevent the too rapid dissipation 
of heat from those parts where it is most required, 
and also to retard the entrance of cold air through 
the openings in the external wall. The openings left 
at the bottoms of the partitions are only sufficient 
to allow the frame with the stones and glass, or wires 
and glass, to pass underneath. ''^ 

♦ The claims of the patentee are the following, l^. For methods 
of constructing and arranging flattening kilns, so that each sheet of glass 
may, without being lifted, be conveyed through a succession of tempera- 
tures, between the high temperature of the flattening chamber, and the 
temperature suitable for rendering such glass stiff and rigid, and in such 
manner that the workman may go on flattening several cylinders in the 
same furnace during the interval occupied in conveying each sheet of 
glass through each succession of temperature. <* 2**. The 
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:i. BUTTLE-GLASS. 

Until a few yoars ago, the laws of this country 
prohibited the use of any but the coarsest materials 
for making cuuiniun bottles, in consideration of the 
duty levied on that glass being one-eighth lower than 
that on llint-gluss. AJmost the only alkaline ma- 
terial enijiloyed was soap-boilers' waste, and for the 
siliceous ingredient the commonest kind of river or 
sea sand was used. Not being restricted in this man- 
ner at the present time, the manufacturer selects 
Buch materials us may hiippen to be most av^able 
at the time, without having much regard to their 
purity. The composition of bottle-glass is therefore 
as little uniform as that of any other variety of 
glass ; it being varied not only in different establish- 
ments, but in the same establishment at difiereot 
tiiues. The baaiH of this description of glass, how- 
ever, is always a triple silicate of soda, alimiina, and 
lime (at least in this country); the place of a por- 
tion of the lime being generally occupied by some 
magnesia and protoxide of iron, and that of a part 
of the alumina by peroxide of iron. The alumina 
is introduced in the form of clay. 

The raw materials for making bottle-glass are 
commonly treated in much the same manner as for 

2°. Tiie combination of sued in ftniieuling kiln witli a flftttening kUl^ 

that the ahoeU, plntes, or punra of gloss wi]] not remiLiD statiotuuT 

. during tlic annealing process. 

And 3°, an apparatua for conveying sheets of gliise along an a 
kiln, combined witli a flattening- kiln, by whiuli tlie sheets of gl 
be kejil isolated, thereby shorteiiing tlic time reijiilri'd for the |ii 
. onnealing. 
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making broad-glass ; being generally fritted, before 
they are introduced into the glass-pots, in arches at- 
tached to the principal furnace. As the mixture 
always contains a very small relative proportion of 
the alkaline ingredient, its vitrification requires a 
very high temperature ; but it is generally complete 
in eighteen or twenty hours, and after the undis- 
solved matter has subsided, the sandiver been skimmed 
off, and the glass become cooled down to the blow- 
ing consistency, the mass may l^e worked up into 
bottles. 

To form a wine-bottle, a sufficient quantity of the 
melted glass is collected in a pear-shaped ball on 
the end of the blowing iron, and the ball is then 
introduced into an open cast-iron or brass mould, 
the tube being held vertically. The blower imme- 
diately closes the mould by pressing a pedal-lever 
with his foot, and blows the glass into the form of 
the mould. By withdrawing his foot from the lever, 
the blower. opens the mould and then lifts up the 
bottle, which is immediately detached from the tube 
by applying a cold iron to the neck or mouth-ring. 
The bottle is lastly annealed in the ordinary manner. 

The earth resulting from the disintegration of ba- 
saltic rocks, which may be obtained in the valleys of 
all basaltic countries, has been successfully used in 
the manufacture of bottle-glass ; but is now entirely 
abandoned, I believe, from the difficulty of procuring 
the earth of anything approaching uniform compo- 
sition. It generally contains three or four per cent, 
of soda, about half its weight of silicic acid, and 
one-fifth its weight of oxide of iron ; the remainder 
consists of lime and alumina. A mixture of equal 
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' wcighti of sand nnil basaltic earth was fatmi hj H- 
Dticroii to prodtio^ a tran^porrat glass of an cdire- 
gnien colour. M. Alliot recommends, for the nu- 
nufocture oj' bottles, A mixture of basaltic earth, sand, 

r lud refuse soda in cqnal parts, which affords a trans- 

' parent glass of a greenisli-yellow coloor, smooth and 
liutntiiH. 

The gloss produced from the basaltic earth is spe- 
cifically lighter than aay common green bottle-glass, 

I ftlid h Nufiicicutly Iionl and tough to sustain blows 
which would certainly break ordinary glass. If the 
earth is employed in considerable proportion, the 
colour of the glass is dark olive-green, or from that 
to a veiy deep yellow, which does not seem to 
be susceptible of correction by oxide of manganese. 
From its small relative proportion of alkali, the glass 
thus formed is enabled to resist the destnictiTe ac- 
tion of corroHive liijuids more effectually than most 
other kinds of gloss ; and might therefore, in all pro- 
bability, be advantageously employed in the manu- 
facture of carbnoys, &c., for containing acids.* 



4. PLATE-GLASS. 

The materials from which plate-glass is made are 
of the same description as those for making English 
orown-gluss, the only essential bases in combination 
with silicic acid being soda and lime; but the alkaline 

■ For BU Bcooiint of some experinients by M. Alliut wi ihe fiisioii of 
bosftltio oartli, with a view to its application in the glass manutiiclure, 
•or tlic troiitinc on ilic MiLTiiiracturc of Porcelain nnd Oksa 
L>'i[)pn:(1iu, pgc 1U2. 



PLATE-GLASS. 63 

ingredient is introduce.d in much larger proportion 
in plate-glass than in crown-glass, hence the fabri- 
cation of the former does not require so high a heat 
as that of the latter. Great judgment is required 
in selecting the materials of the highest degree of 
purity consistent with economy. Until within a few 
years, all the alkali employed in the extensive cast 
plate-glass works at Eavenhead, near St. Helen's in 
Lancashire, was prepared by the decomposition of 
common salt and pearlash, as before described (page 
27); the best soda crystals obtained by the common 
soda process from sulphate of soda not being suffi- 
ciently pure, when the usual mode of founding is 
adhered to. Soda crystals prepared in this way 
have long been employed, however, at the plate- 
glass works of St. Gobin in France (the first crop 
of crystals only being used); and of late, soda-ash 
of first-rate quality has been the only alkali em- 
ployed by several English manufacturers of plate- 
glass. 

Potash is never used in the plate-glass manufac- 
ture, except a small quantity which is occasionally 
introduced at some works in the form of nitre, for 
the purpose of destroying combustible matters. Glass 
made with soda and lime flows more freely than 
that made in a similar manner with potash and 
lime at the same degree of heat, and is consequently 
more suitable for casting. The circumstance of the 
volatility of sulphate of soda and chloride of sodium, 
which form the glass-gall iji this instance, being 
greater than that of sulphate of potash and chloride 
of potassium, constitutes another important supe- 
riority of soda over potash. 
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In somt! work« Uic lime is introduced in the state 
of chalk; iti others, at Ravenli(!ad for instance, as 
quick-lime; and in ntliers as dry slaked lime. The 
sand as well as the lime and alkali should be scru- 
pulously free from oxide of iron. All the materials, 
with the. exception of the cullet or broken plate- 
glass, must be reduced to a state of fine division by 
sifting, having been previously ground if necessary. 
The sand employed in the works at Ravenhead is 
procured from the neighbourhood. 

The proportions of the various ingredients em- 
ployed for making plate-glass at St. Gobin are stated 
to be tJic following ; 

cwt. liif. 

ftuiJ 7 

(Jiiicli-Iimc I 

Dry enrbuiuW of Boda 2 37 

Cullel, about 7 

Blnck oxide of Tnangiinese, from 3 to 4 

The following proportions are recommended by 
Mr, Partes ; 

Lynn sand washed and dried, 720 pounds ; al- 
kaline salt, containing 40 per cent, of soda, 450 
pounds ; quick-lime, slaked and sifted, 80 pounds ; 
nitre, 25 pounds ; and plate-glass cullet, 425 pounds. 
At present, the raw materials arc introduced into 
the melting-pots without any previous flitting, both 
at Ravenhead and St. Gobin. 

The room at Ra.enhead in which the operations 
of founding and casting are conducted, called the 
" hall" or " foundry," is probably the largest under 
one roof in Great Britain, being 335 feet in length, 
by 155 feet in width.* The furnaces for the melt- 

* The hallc ni S(. Gobin is 174 feet by 12(1. 
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ing-pots, and for the pots called the "squares" or 
"cuvettes" (the use of which will be described pre- 
sently), are placed in a range along the middle of 
the room lengthways, and occupy about one-third of 
the area of the room. The principal furnace, con- 
taining the melting-pots, is in the middle of this line. 
It holds six pots, similar in shape to the pots of the 
orown-glass house (page 33), each being large enough 
to contain very nearly a ton of melted glass. The 
average duration of these pots is nine months. The 
fiimaces for the squares are not so large as the fur- 
nace for the melting-pots; each contains eight or 
nine squares, which are cubical-shaped pots, the 
length of each of the sides of which is about twenty- 
two inches. The floors of the furnaces on which the 
squares stand are on a level with the hall, and the 
arrangement of the furnaces is such as to allow of 
the ready introduction and removal of each of the 
squares. The annealing arches, of which there are 
forty-four at Eavenhead, are arranged in two rows 
along the sides of the hall, the wall of thfl hall form- 
ing one end of the arches. The opening of the arch 
through which the hot plates are introduced is quite 
similar to the opening of the arch represented in 
fig. 1 5, page 54, and is on a level with the table on 
which the plate is cast. The floor of the arch is 
about six inches lower than the bottom of the open- 
ing, the descent being moderateif by a short slope. 
Each arch is about twelve or thirteen feet wide and 
forty feet deep, being capable of containing four or 
five plates of the largest dimensions which are cast. 
The plates lie flat on the floor of the arch, and not 
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on tlieir (^Ok(', >u^ the discs of crown-glass ; nor is one 
platHid over the other. 

TIic table on which the casting is perfonned b an 
iiniiiuiisc mass of cast-iron,* the dimensions being no 
less than twelve feet in length, seven feet in breadth, 
and eleven inches in thiekness. It is supported in a 
wooden frame, and runs on castors for the purpose 
of fiicilitatiiig its removal from one annealing arch 
to another. One end of the table is placed close 
against the ojwning of the arch, and immediately 
beyond the other end of the table is placed a strong 
iron puppet, on which the iron roller for spreading 
the glass is laid when not in use. This roller is as 
long as the table is wide, and is about fourteen 
inches In diameter, the thickness of tbe metal being 
about one inch. The hall at liavenhead is furnished 
with two of these casting-tables, one on each side 
of the rows of furniices. 

Bearing in mind these general arrangements of 
the hall, wO may next consider, briefly, the complete 
course of operations practised in the production of 
a plate. 

The melting-pots being raised to a full red or 
even white heat, are filled, on the morning of each 
day, with the raw materials ; a fresh quantity being 
added as that previously introduced becomes melted 
down. Early on the morning of the following day, 
the contents of the melting-pots are transferred fay 

* The raateriBl of tlie castiug-mble at Ravcnhcad was ronnerly cop- 
per, but the linbility of a vaoES uf that racial to crack on tbc suddcD a|>- 
plicaliuii of an intense lieat renJcrs it improper for ihia purpoBc ; bronze 
mctui has been used at St. Qobin, but cuet-iron is decidedly superior to 
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ladles to the squares, the latter being in their pro- 
per places in their furnaces, at a white heat; and 
the melting-pots are immediately afterwards charged 
afresh with raw materials. The glass remains in the 
squares until early in the evening, when it is gene- 
rally ready for the casting : during this time it bo- 
comes "refined," the air-bubbles introduced by the 
transyasion being disengaged, and the heavy infusi- 
ble matters subsided to the bottom. For two or 
three hours before the time of casting, the glass in 
the squares is cooled down to the proper consistency 
by closing the passages through which the air enters 
the furnaces. 

The founding or melting of the raw materials, and 
the refining, are conducted in much the same manner 
at St. Gobin as at Eavenhead. The whole time re- 
quired for these processes is thirty-two hours, sixteen 
of which are occupied in the founding, and the re- 
mainder in the refining and cooUng in the cuvettes. 
The glass is then ready to be cast. 

Some hours before the casting is commenced, fires 
are lighted in the small furnaces attached to those 
annealing arches which are to be used,* so as to 
bring the anterior part of the soles to a dull red 
heat. The casting-table being placed with one of 
its ends close to the mouth of the arch, and the 
glass in the squares being of the proper consistency 
for flowing easily and steadily, one of the squares 
is removed firom the furnace on a low iron carriage 
famished with two strong arms projecting in front 
of the wheels : two opposite sides of the squares have 

* At Ravenhead, four arches are filled with plates daily, with the 
exception of Sundays. 

¥ % 
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a groove each, to admit die iron onus of the or- 
riitgc. Being thus supported, the square is pushed 
over to one side of the casting-table, and is imme- 
diately rai.sed by a crane a few feet from the ground, 
to allow of tlie removal of tlie scoria &om the bot- 
tom and sides of the square, which might otherwise 
fall off on the tabic during the casting. The square 
is then lowered upon a plate of sheet-iron, and fixeJ 
between the two arms of a kind of tongs furnished 
with a handle at each end to enable the workmen 
to upset the square with facility. The scum on the 
surface ol' tlic glass having been removed by aJi iron 
instrument something like a sabre, and the metallic 
roller belonging to tlie casting-table being placed 
dose to tlie mouth of the annealing arch, the square 
is raised by the crane until it is brought a lew inches 
over tlie table and near the roller. A pendulous 
motion is then given to the square by two or three 
vibrations across the table, and its contents are 
poured out against the roller, proceeding gradually 
from one side of the table to the other, while the 
roller is at the same time steadily moved to the end 
of the table, and into the iron spring support pUoed 
there for its reception. 

Tiie thickness and breadth of the plate are de- 
I termined by two metallic ridges, on wliich the roller 
runs, fixed one on each side of the table. The usual 
Cbiokness of these ritlges, and therefore of the rough 
Pi_ ig plate, is half an inch. 

To prevent the glass 
from flowing beyond the 
ridges, two iron in- 
struments of the shape 
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shewn in fig. 19 are held by two men, one on each 
side of the table, close against the roller and the 
ridges. It seldom happens that sufficient glass is 
poured out to reach from one end of the table to the 
other ; hence a ridge at the bottom of the table is un- 
necessary. While the liquid glass is flowing towards 
the bottom of the table, several of the workmen are 
busily occupied in scraping the surface of the table 
with instruments similar to a garden rake, but 
having a flat plate of steel instead of teeth. 

As soon as the square has discharged its contents, 
it is replaced on the iron carriage and freed from 
the tongs; the greater part of the glass remaining 
on its bottom is then laded out into another square^ 
and the empty square is returned to its seat in the 
furnace. 

While the glass plate on the table is still red-hot 
and sofk, an inch or two of the end farthest from the 
annealing arch is turned over so as to make a curl 
or hook ; and before the plate becomes quite rigid, it 
is pushed into the arch. It is allowed to remain for 
a few minutes on the part of the floor of the arch 
nearest the mouth, which is at a dull red heat, and 
is afterwards gradually advanced towards the farther 
end of the arch to make room for other plates. 

As soon as the last plate is introduced into the 
annealing arch, the mouth is closed with an iron 
door; and all the crevices, both around the mouth 
and the door of the fiimace by the side of the arch, 
are carefully stopped up with wet clay. In this 
state the plates remain for three days, at the end 
of which period a little cold air is admitted by re- 
moving some of the luting around the mouth or door ; 
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and after having remained in the arch for ux days 
longer, the plates are in a fit state to be removed.* 

The operations in the plate-glass manulactiiTe 
which remain to be briefly adverted to are those rf 
grinding, smoothing, polishing, and silvering. 

I * The following in ou kbetnct from llie fipccificstion of tbe p&tenlfor 
ppprovemeots id th« gU» muiiihctuic, granted to Mr. Ragon in 1S39. 
Eflie claim of the method of cMling plates, licrc deBcribe<l, to eupeiicrily, 
■j^miiii la be rather of a doubtful character. " Instead of paasiug a rullei 
Mter ihe fused metal to force it into a flattened plate, I bring another flat 
nkte or mahce upon the melted glass, «o as to compress it into a sheet, 
|ne thicknew and dimwwions of which are detennioed by strips or sides 
lo the tabic, which prevent the upper plate descending too low down. 
Tbas, by keeping the top plate pressing upon the soHace of the glsEs 
until it has solidified, a much truer surface, or better plane, is obtained 
thaci by merely pawing a roller over the glass, as is the common prac- 
tJGC, Rnd oonse<|uenlly much k'ca ^mding is required to get ft true sur- 
face. But when tlie moss of fluid glass is too great to be controlled by 
tbe weight or pressure of the top plate or surface, in tiint case the latter 
u made tu [mvcl in grooves introduced in the side of the table, and 
illuulil immediately follow, and simultaneously move, with tbe roller 
the object being always to confine or compress the gisfs 
until solidified, lUi above explained, and thus prevent the warping of the 
pbtes when exposed loo promptly to the action of the atmosphere." 
[)£Bc|*rtory of Patent Inventions, vol. xiii. New Bcries,) 

Besides the above process, and methods for preparing pure silicic add, 
before alluded to (see note, page 26), the patentee claims, I", a mode of 
CotuiCriiGting the Furnace for the melting-pots, by which the glass in the 
pots may be belter protected from accidental impurities derived fiom 
llic I^iel, Diid the heat 1>etter regulated ; 2°, a mode of heating the an- 
nealing arch by tiicajis of the wuste heat of the furnace for the melting- 
pot* ; aii'l 8°, the application of the vitreous slags of smelting fiimaiies 
to architectural purponcs, hy casting them in moulds into the required 
ipci. Tho pots for melting the glnss are not situated in the fire-place, 
,int nithur in that part uf the fire-place which contains the fuel, but in a. 
l^arnbur alongslile, en upright aeriee of bars being pkced between to prevent 
l\iul from fiJIing into the chamber. The ilamc passes between these 
1, and escapes from Ihc chamber at the opposite end into the an- 
itNiling arch. The draught of the fiimace is maintained by sending a 
■Wvt of nit through llic ush-pit. and access to t!ic puiii is obtained by 
Opniinj!" ihi'oiiHh the wiill forininB ow of llic sides of (lie ciiamber. 
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Before the rough plate is ground, it is squared 
at the edges and cut up into smaller plates by means 
of a glazier's diamond; all imperfections being exa- 
mined minutely with a view of determining the most 
advantageous mode of dividing. 

The materials with which the glass is successively 
rubbed, at Eavenhead, in the processes of grinding, 
smoothing, and polishing, are the following : 



Grinding 



1. Sand. 

2. Coarse emery (No. 1). 

3. Finer do. (No. 2). 

4. Finer do. (No. 3). 



6. Finer emery (No. 4). 

6. Finer do. (No. 5). 

Smoothing ... ^ 7. Finer do. (No. 6). 

8. Finer do. (No. 7). 

9. Finest do. (No. 8). 

Polishing ... 10. Colcothar. 

In the grinding of plate-glass the materials above 
mentioned are introduced successively between two 
plates ; one of which, the lower, is cemented by stucco 
to a stone table at about two feet above the ground 
and perfectly horizontal* ; while the other is cemented 
to a frame to which a peculiar excentric motion is 
conmiunicated by steam power. When the upper 
plate, which is about one-third the size of the lower, 
is in motion, the workman occasionally sprinkles a 
little of the grinding materials and water between 
the two surfaces, whereby each of the two plates may 
be ground to almost any required thinness. When 
each plate has been ground suflSciently on one side, 
both are reversed and ground in a similar manner 
on their other sides. Frequently several small plates 
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of the sume thickness am cemented together to one 
tabit: and ground at the same time. By the process 
of grinding the thickness of the plates generally 
becomes reduced to about one-half of the original 
thickness. 

From the grinding room the glass plates, which 
are now perfectly level, are removal to the smooth- 
ing room, the operations executed in which are con- 
ducted, at Ravenhead, by females. The fine emery 
used in this process is introduced, as before, between 
two plates; the lower being fixed to a table, and the 
upper moved about by the hand. 

After having been thus rubbed on both sides with 
wet emery powder of five degrees of fineness, the 
plates are transferred to the polishing room, where 
they are rubbed on each side with colcothar, which 
is oxide of iron, obtained by the calcination of green 
vitriol. The colcothar is spread on small rubbers 
of hat-felt, which are attached to frames kept in con- 
stant motion by steam power. This operation, which 
is continued for from twelve to twenty-four hours^ 
completes the polishing, and the plates are then ready 
to be squared, if necessary, and be either sold in that 
state or sUvered. 

The process of silvering a plane mirror consists in 
the application to one side of the glass of a layer of 
tin-foil covered with mercury, which constitutes the 
reflecting surface. Both the instruments and the ma- 
nipulations by which this is effected are extremely 
simple. Most of the operations are performed on & 
large stone table perfectly level and smooth, sup- 
ported on an axis which runs through the middle, 
lengthways, so that it may be inclini;d a little at 
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pleasure by means of a screw fixed below. A gutter 
is placed around the edge of the table to collect the 
waste mercury, which falls through a pipe at one 
of the comers into a receiver below. 

The operations consist, l"", in the cleaning of the 
glass plate; 2% in the preparation of the alloy of 
tin and mercury ; and 3"*, in the ftpplicatioa of the 
alloy. 

A piece of clean tin-fcnl, a little larger than the 
glass to be silvered, is placed upon the stone table, 
which, in this part of the process, must be perfectly 
horizontal; and the foil is scraped with a flat piece 
of wood covered with flannel to remove any wrinkles. 
A Uttle clean mercury is then rubbed over the foil 
by a piece of flamid, so as to form an amalgam 
over the whole surfa^; after which, a suffiS 
quantity of mercury is poured on the foil to cover 
the latter all over to the depth of about one-eighth 
of an inch, and the surface of the mercury is scraped 
quite clean, with a piece of flannel. The glass plate 
bavins^ been carefully rubbed on the side to be sil- 
vered, first with a damp cloth, and afterwards with 
a dry and warm cloth, a strip of flannel is laid upon 
one of the edges of the foU, and commencing at this 
edge, the plate is steadily pushed over the whole 
surface of the metal, so that neither air nor dust can 
remain under the plate. To expel the excess of 
mercury, a considerable pressure is applied to all 
parts of the plate by means of several leaden weights, 
and a slight inclination is given to the table to favour 
the drainage of the fluid metal. After having re- 
mained in this state for twenty-four hours, the weights 
are removed, and the superfluous edges of the foil 
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having been scraped oflF, the plate is removed from 
the table and placed for several days in a more in- 
clined position, to complete the drainage of the 
mercury. 

Plate-glass is not always fashioned, however, hy 
casting. The process of bloiving a plate of this 
kind of glass is very similar to the mode of blow- 
ing spread or broad glass, described at page 55; 
the minute differences observable in the manipida- 
tions in these processes being chiefly occasioned by 
the weight and bulk of the mass of glass operated 
on being considerably greater in the blowing of 
plate-glass than in the blowing of spread-glass. 
It is very' difBcuIt to blow a plate of glass of suffi- 
cient thickness for grinding to a level surface and 
polishing, of a size larger than fifty inches in 
length by forty inches in breadth. By the process 
of casting, plates of glass are produced of one hun- 
dred and sixty inches in length by eighty inches in 
breadth. 

The flutings and triangular indentations which 

are sometimes seen on one side of plate-glass are 
produced by corresponding but reverse flutings and 
indentations on the surface of the heavy metallic 
roller with which the liquid glass is spread out upon 
the casting-table. 
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§ V. DEFECTS IN GLASS. 

The attainment of a process for preparing perfect 
glass has for a long time, and with only doubtful 
success, engaged the attention of the experimental 
philosopher, as well as that of the glass manufacturer. 
The most important defects likely to exist in glass 
are striae or wreath, knots, threads, and tears. 
Strisd are undulating appearances which result from 
a want of uniformity in the density of the mass. In 
consequence of this inequality, the rays of light pass- 
ing through the glass become differently refracted 
and dispersed, thus producing a wavy appearance 
like what is perceived in looking through a liquid 
composed of two imperfectly mixed solutions of dif- 
ferent strengths. This defect may exist to a con- 
siderable extent without being discernible by the 
naked eye, and consequently without being detri- 
mental to the quality of the glass when applied to 
all ordinary purposes ; but the smallest incongruity 
in the mass would render the glass quite inapplica- 
ble to the construction of optical instruments, where 
every distortion of the rays of light in their passage 
through the glass would be considerably magnified. 
Flint-glass is much more subject to this defect than 
any other kind of glass. The opaque ^ots which 
are sometimes perceived in glass may be either par- 
ticles of earthy matter fallen from the furnace or 
abraded from the crucible, a portion of the glass- 
gall, or else imperfectly vitrified grains of sand. The 
appearances called threads and tears result from pieces 
of partially vitrified clay, which fell into the crucible 
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from the roof of the furnace, Imt did not mix nni- 
formly with tlic gloss. These semi-Titreous lumps or 
threads differ from the proper glass not only in co- 
lour, but in their degree of dilatation and contraction 
through change of temperature, which gives the glass 
a disposition to fly to pieces without any apparent 
cauae. Another defect sometimes perceived in tlie 
less fusible varieties of glass is a want of clearness, 
owing to the presence of minute bubbles diffused 
throughout the substance of the glass. The pre- 
sence of these bubbles indicates that the glass has 
not been maintained in a (wrfectly fluid state for a 
sufficient length of time to allow of their union and 
dispersion. 

With the exception of the stria:, these defects may 
be avoided without any extraordinary care and at- 
tention ; and in the case of crown-glass, where the 
specific gravities of the materials do not greatly vary, 
and where the temperature at which the materials 
are vitrified is very intense, defects arising from 
the existence of striae are not of great importance. 
But in the case of flint-glass, the materials for which 
havfi a very unequal density, it is extremely difficult 
to obtain, by the usual process, a perfectly uniform 
piece large enough to form a disc of only a few 
inches in diameter; and the fitness of glass for be- 
ing constructed into lenses depends much more on 
its uniformity in density or refractive power, than 
on its whiteness or brilliancy. If the raw materials 
have not been well incorporated, the pot of glass is 
very apt to contain an excess of oxide of lead in 
some parts and a deficiency in others, which jtro- 



DEFECTS IN GLASS. 77 

duces a corresponding inequality in the density of 
the mass ; and even in the slow refrigeration of a 
pot of pretty uniform glass, the heavier silicate of 
lead always subsides, and leaves the lighter alkaline 
silicate in excess at the upper parts ; but if the mass 
is quickly cooled, it would be extremely brittle, and 
apt to fly to pieces on attempting to cut it. 

The want of uniformity in a pot of flint-glass 
seems to proceed in a great measure from the unequal 
heating of the pot, the construction of the furnace 
being generally such as to allow the sides to be heated 
considerably higher than the bottom. When this is 
the case, the denser portions of glass, which subside 
to the bottom, remain there ; but if the temperature 
of the inferior part of the pot is made considerably 
higher than that of the upper part, the denser glass 
would become expanded by the increased heat, and 
probably be diffiised throughout the mass. The 
figure of a famace said to be adapted to this object 
may be found in Dr. Ure's Dictionary of Arts, &c. 
art. Glass-making. 

Anothe. method of obtaining a pretty uniform pot 
of glass is by agitation, the glass being either poured 
by ladles from one crucible into another in the fur- 
nace, or else stirred by a rod of iron encased in 
stoneware,* as the naked iron itself would colour 
the glass. After being agitated, the glass must be 
aQowed to stand quiet for a short time for the air- 
bubbles to be dissipated; and when perceived by 
the proof to be perfectly " fine" or free from bubbles, 
it should either be quickly cooled while in the cru- 

* This mode of stirring was adopted by the late M. Guinand. 
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dibie tin nearly solid, or else be retDored from the 
cnicilfle in the liquid state, being gatbered in suoces- 
■ive layers ou the end of an intu md. If the glasi 
iji allowed tfl fw^lidify in the crucible, the mass may 
In! ftftcrward* broken by a hammer into conchoidal 
liitngjfl, tu which a lenticular shape may be imparted 
by cxpoj^ing them to a softeniDg beat in a rerer- 
Uiratory furnace. The temperature of this furnace 
Klmuld l)c very e<iuable, and not above dull redness. 
A intjlhcMl ha» been contrived for cleaving the mass 
of glaM while eooUng in the crucible, in sucb a man- 
ner that the fracture follows the dii'ection of the 
Miori! faulty parts; in which way masses of horao- 
gi!iit!oiiii gla88 weighing as much as forty pounds are 
haiii to have txieii ubtaincd. 

After several years spent in laborious experiments, 
the tato M. Guinand, uf Breonets, an inconsiderable 
village among the raountttins of NeufchStel in Switzeiv 
land, apiKiarH to have discovered some method of 
[inwediire, whereby homogeneous pieces of flint-glass, 
eapulik! of forming lenses a foot in diameter, could 
bo jirocured almost with certainty. An eminent 
Kri'nch optician wtates that eight or nine out of ten^ 
oliject-glnHses miido of M. Guinand 's flint-glass proved 
ill' iixiHillent [piality, but only one or two out of 
llio Hiiniu number matle of glass from the English 
and Fi'oiioti makers came up to the test. The pro- 
wHs diHcovcrcd by M, Guinand has not been made 
pulilic, liiit the H«cri;t is said to be in the possession 
of \m sun and M. liontemps, and the latter has 
nimlii Home important improvements on the process. 
A H|iL'cinien of M, Guinaml's flint-glass, of specific 



DEFECTS IN GLASS. 79 

gravity 3*616, has been analysed with the following 
results : silicic acid 44-3 ; oxide of lead 43*05 ; pot- 
ash 11'75. These proportions nearly correspond with 
three equivalents of potash, five equivalents of oxide 
of lead, and eighteen equivalents of silicic acid. It is 
said that the freedom of the glass from bubbles de- 
pends, in a great measure, on the rigour observed in 
compounding the materials in the proper propor- 
tions, as weU as from certain precautions in the 
management of the fire towards the end of the ope- 
ration. 

The results of a series of well-conducted experi- 
ments by Mr. Faraday, having for their object the 
discovery of a process for preparing homogeneous 
glass with some certainty, form the subject of the 
Bakerian Lecture in the Philosophical Transactions 
for 1830. The glass recommended by Mr. Faraday 
is a combination of silicate of lead with borate of 
lead, the materials being perfectly pure, and vitrified 
in a platinum crucible. If the air-bubbles are dis- 
engaged but slowly, it is advised to throw into the 
crucible a little spongy platinum, in fine powder, 
which should be stirred about with a platinum spa- 
tula. The powder readily subsides, and the glass 
may then be poured off quite clear and free from 
strise. This glass is considered to be less attrac- 
tive of moisture than most other kinds. From the 
limited scale on which this process would have to be 
performed, the suggestions of Mr. Faraday have not 
been carried out by manufacturers. 

It may be observed, that an achromatic object-glass 
for a telescope or microscope, that is, an object-glass 
which does not afford coloured fringes around the 
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wlgc of the image, distingaishod as chromatic aher- 
rtiiion, must consist of two lenses made of different 
kinds of glass, differing in the proportion which their 
refractivi! (jowcr bears to their dispersive power. 
Flint-gloss nnd crown-glass are well adapted for be- 
ing foniicd into such a compound lens, the dispcrave 
pi>wer of the former being nearly double that of the 
latttT, while tlie mean refractive powers of the two 
kiuds are nearly the same. 



§ n. COLOUBING OF GLASS. 

When certain metallic oxides are mixed with glass 
in a lliild or semi-fluid state, an intimate combina- 
tion takes place between the glass and the metallic 
oxide, with the production of coloured compounds, 
which become dissolved and retained in the mass 
of glass without rendering it opaque. AH the va- 
rieties of glass, and indeed, most saline bodies which 
possess a vitreous character, as borax and biphosphate 
of soda, are susceptible of being coloured in this 
manner by metallic oxides, but in many cases par- 
ticular oxides are found to produce the richest co- 
lours with a pai'tieular kind of glass. Most of the 
colouring oxides afford more brilliant tints with the 
clear and white glass made of potash and lime, 
than with glass containing oxide of lead; but in a 
few cuflcs, lead glass is decidedly preferable to pot- 
ash and lime glass. The oxides which are mostly 
employed as vitriliable colouring matters are the 
following : black and red oxides of copper, oxide of 
iii'lmlt, oxide of iron, oxide of gold, oxide of man- 
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ganese, oxide of chromium, oxide of silver, oxide of 
platinum, oxide of uranium, and oxide of antimony. 

These colouring matters are not always introduced 
into the glass in the form of oxides. Thus silver 
is sometimes applied as the chloride, and sometimes 
in the metallic state. But in whatever form the 
metal is applied, it seems to exist in the coloured 
glass as the oxide, in combination with silicic acid, 
probably as a double silicate, the other base being 
one of those proper to the glass. Certain metallic 
oxides which are decomposed by a comparatively 
slight elevation of temperature into oxygen gas and 
their metallic bases, resist decomposition at all at- 
tainable temperatures in contact with melted glass; 
and not only so, but the metal itself, if applied to 
the surface of the melted glass, becomes converted 
into an oxide by the acquisition of oxygen from the 
Air, This is the case, for example, with silver. 

The art of colouring glass is so comprehensive, in 
its details, that nothing more than a few general 
observations on the materials employed, and the 
ordinary modes of applying them, can be included 
in the present article. It appears to have been 
prosecuted, at a period almost as early as that of 
the manufacture of glass itself. The earthenware 
beads with which some Egyptian mummies are 
adorned, are covered with a true glass coloured by 
means of a metallic oxide ; and small pieces of trans- 
parent glass of a turquoise colour have lately been 
discovered among the tombs at Thebes, which are 
supposed to have been used as the glaze for beads. 

Both the black oxide (protoxide), and the red 
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oxide (auboxidc) of copper, are used as colouring 
kBiaterials for glass. The protoxide imparts either 
% bright blue or a full green, according to the man- 
■ in whicli it is applied. This colouring material 
is usually introduced iti the form of oxtde, obt^ed 
by heating pieces of sheet copper to redness with 
exposure to the air, and quenching them in cold 
water in order to detach the scales of oxide. A 
more convenient form is the suhcarbonate, prepared 
by precipitation from a solution of the sulphate, with 
cai'bonate of soda. The acetate of copper is also 
sometimes used with advantage. To produce a full 
green glass the vitreous basis should contain some 
oxide of lead (though this is not essential to the 
production of the colour), and the oxide may be 
employed in any proportion between 6ve and fifteen 
per cent. It is said that a beautiful blue glass may 
be obtained by means of the double suhcarbonate of 
copper and ammonia, precipitated from the solution 
of the nitrate of copper by carbonate of ammonia. 
Tlie black oxide of copper has been found to be the 
only colouring matter in some specimens of Egyptian 
Uue glass, analysed by Sir H. Davy and M. Clu^ 
but in other similar specimens, the oxide rf 
' copper is found to be accompanied by oxide of iron. 
The suboxide of copper tinges glass of a beautiful 
ruby-red, instead of a green or blue, but that colour- 
ing matter is very difficult of application. The in- 
tensity of the colour is increased by the addition of 
peroxide of iron, which imparts, of itself, a red co- 
lour to glass, but not so deep and brilliant as that 
of the suboxide of copper. One process for pre- 
paring this ruby-glass consists in mixing cream of 




COLOURING OF GLASS. 83 

tartar with the green glass containing the protoxide 
of copper, in a melted state, whereby the protoxide 
becomes reduced to the state of suboxide ; the glass 
swells up considerably on the addition of the cream 
of tartar, from the disengagement of gas, at the 
same time losing its green colour and becoming red, 
and when subsided, is fit for use. The colour of 
some specimens of ancient ruby-glass is due to the 
presence of suboxide of copper. 

Several different colours may be communicated to 
glass by means of the protoxide and peroxide of iron. 
The protoxide, alone, gives a dull green colour, which 
may be made so deep as to appear black ; while the 
peroxide affords a variety of shades from yellow to 
dark red. The green colour of the common bottle- 
glass is due, chiefly, to the presence of protoxide of 
iron, introduced as an impurity in the materials.* 
If the yellow or red glass containing peroxide of iron 
is exposed for some time to a very intense heat, the 
peroxide becomes reduced to the state of protoxide, 
and this glass consequently presents a green colour 
when cold; but by paying particular attention to 
the temperature of the melted glass, the decompo- 
sition of the peroxide may be prevented, and the 
yellow or red colour preserved. An imitation of the 
yellow topaz may be made by adding about one 
part of peroxide of iron to one hundred parts of the 
vitreous paste for artificial gems made according to 
one of the methods described at page 45. For pro- 
ducing a dark red, the oxide of iron may form as 

* Mention has already b«ea made of the use of the black oxide of 
manganese in reducing the colour which arises from tfie presence of prot- 
oxide of iron, by conyerting the latter into the peroxide (sete page 30). 

» o 2 
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much as one-fourth or one-third of the mixture. 
The addition of alumina to the peroxide of iron is 
said to render the colour of the glass much clearer 
and less liable to alteration in the fire ; the mixture 
of oxide of iron and alumina which results from the 
calcination of three parts of alum and one of copr 
peras, aflfords a fleshrcoloured combination with eight 
or ten parts of colourless gkss. Peroxide of iron is 
more frequently used in mixture with other colour- 
ing metallic oxides, than alone. 

Oxide of cobalt is the principal vitrifiable colour- 
ing material employed for the production of blue 
glass. No other metallic oxide possesses so intense 
n colouring power as this, one part being sufficient 
to aflford a deep blue with one thousand . parts of 
glass; and if the oxide is applied in a little larger 
proportion, the colour becomes so deep as to ap- 
pear black. All kinds of glass may be coloured 
blue by this oxide with equal facility, and the colour 
is not in the smallest degree deteriorated by expo- 
sure to the highest temperature of a wind-furnace. 
The presence of oxide of cobalt has not been de- 
tected in any specimens of ancient blue glass. 

This metallic oxide is also used in combination 
with other colouring oxides, with a view of producing 
a compound colour. Thus, various shades of green 
may be produced by mixing it with oxide of lead or 
oxide of antimony, and a violet by combining it with 
oxide of gold and oxide of manganese. A very fine 
black is imparted to glass by a mixture of oxide 
of , cobalt, oxide of iron, and oxide of manganese. 
The pigment, smalt-blue, is a pounded potash-glass 
coloured with oxide of cobalt. 
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A very beantifiQ and delicate grass-green colour 
may be imparted to glass by means of oxide of cbro- 
minm, which is the natural colouring matter of the 
green emerald. This colour is almost as fixed at a 
high temperature as the blue from oxide of cobalt. 
Oxide of chromium is the only green colouring mat- 
ter employed by some experienced enamel-painters. 
Chromic acid tinges glass of a red instead of a green 
colour. 

Oxide of manganese is extensively employed for 
imparting to glass a great variety of shades, from a 
delicate amethyst to deep violet or even black. One 
part of the oxide is sufficient to produce a fine ame- 
thyst colour with two or three hundred parts of glass. 
The colour supports a very intense heat without de- 
terioration in the absence of any deoxidizing agent. 
(See page 30.) The amethyst may be imitated by 
a mixture of 5000 parts of a vitreous basis (as one 
of the pastes described at page 45), 20 parts of 
oxide of manganese, and 1 part of oxide of cobalt. 

Some preparations of gold have long been employed 
to communicate to glass a superb purplish-red co- 
lour, nearly equalling that of the ruby, whicli it 
closely resembles. In preparing glass of tliis colour 
great attention and care are required to prevent the 
reduction of the oxide of gold to the metallic state, 
in which form gold communicates a dingy brown co- 
lour instead of a purple or red. The best prepara- 
tion of gold for aflfording a red colour is said to 
be the compound of oxide of gold and peroxide of 
tin, called purple of Cassius, which is precipitated 
on adding protochloride of tin to a dilute solution 
of gold. . One part of this powder is sufficient to 
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producti a good colour with eight hundred or a thoB- 
suud parts of the vitreous base. When a very fall 
ruby colour is required, it is usual to introduce a 
little pure oxide of antimony, the yellow tinge im- 
parted by which is considered to improve the colour 
trf the oxide of gold materially. It is remarkable 
that glass receives no colour from oxide of gold, 
unless the oxide of another metal proper is present, 
OS oxide of lead, oxide of antimony, oxide of zinc, 

oxide of bismuth. This glass acquires its colour, 
ir the most part, while cooling; it being nearly co- 
lourless when in the melted state. Oxide of gold is 
much used at present as the colouring matter for 
ruby and rose-coloured toilet-bottles, &c. 

Oxide of silver was at one time extensively used 
'for communicating an escellent yellow colour to glass, 
teing introduced as sulphate, as chloride, in the me- 
tallic state, and also in the form of the pure oxide; 
but this colouring matter is very little employed at 
present, it being superseded by others more easily 
applied and less expensive. The oxide of silver was 
frequently combined with the oxides of lead and an- 
timony; each of which, by itself, tinges glass of a 
yellow colour. 

The colouring matter in the delicate lemon-yellow 

glass vessels which have become so common within 

, the last few years, is the peroxide of uranium. The 

(lour of this glass is not affected by exposure to 

very high temperature, and no particular precau- 
tions need be observed in conducting the filing. A 
greenish tinge may be given by introducing a very 
small proportion of carbonate of copper. 

Chrome-yellow (chi'omate of lead) has also been 
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applied to glass as a yellow colouring matter with 
good effect. 

A very excellent black glass may be obtained by 
adding to the vitreous basis some preparation of 
platinum containing, or capable of affording, the 
protoxide of that metal. On adding a solution of 
the nitrate of the black oxide of mercury to a solu- 
tion of bichloride of platinum, a brown basic salt is 
precipitated; which, when washed, dried, and gently 
calcined, is decomposed into subchloride of mercury, 
which volatilizes, and protoxide of platinum, which 
remains behind, in a form well fitted for this ap- 
plication. 

The substances employed for rendering colourless 
and some coloured glasses more or less opaque, like 
enamel, are phosphate of lime, fluor spar, arseni- 
ous acid, peroxide of tin, phosphate of lead, and 
phosphate of antimony. Phosphate of Ume, which 
is the only one of these materials commonly em- 
ployed .. pr^ent, wi.h ti.e exception of toorV, 
is introduced in the form of finely powdered calcined 
bones, to the amount of from one-twentieth to one- 
thirtieth of the weight of the glass. A very beau- 
tifiil opaUne crystal may he obtained in this way. 
Peroxide of tin and arsenious acid wore formerly much 
used for preparing opalescent glasses, but several 
inconveniences attend the use of these bodies which 
are not experienced with phosphate of lime. Opaque 
or translucent coloured glasses may also be obtained 
by combining bone-ash with the colouring oxide. 

To colour glass uniformly, throughout its whole 



MAmrrAcnrRB or slus. 

it is essential that the colouring oxide 

1w intimately mixed with the glass, and both be 
hrought into a state of complete fusion. But glass 
, vessels and panes for windows are coloured, very 
leomnionly, merely on their surface, the body being 
I ordinary colourless glass. In stained and painted 
Iglass, the metallic oxides, mixed with vitreous bodies 
■capable of being easily fiised, and with certain fluid 
Tehicles (very fretjuently oil of turpentine), are ap- 
Kjtiied to the surface of the pane, commonly where 
^ design is re<|uired, by means of a brush; but the 
pigments may also be applied from an engraved 
metidlic plate or wooden block,* with gentle pres- 
sure, and the pane is then exposed in an oven or 
muffle to a temperature sufficient to fuse the vitreous 
flux and dissolve the colouring matter. The glass 
I used for this purpose should be clear, colourless, and 
fclTcry difficult of fusion; hence crown-glass containing 
small pro])ortion of alkali is preferred.f In an- 
lother method of obtaining a sheet of glass coloured 
Ion one of its surfaces, the glass-blower first collects 
■libo proper quantity of colourless glass on the end of 



* Doilcd oil in Bftid to be the proper vehicle for vitriliable ,..„ . 

VllPii prinUd ijn tlie glass. This application of boiled fixed oils, and 
•Ik (bo luu of an ciigravod mcIaUio pktc, as a printing Kur&ce, have iKen 
)intriilu<l. g 

f Fluur Kpnr (HiioridG of calcium) is often applied tu crown-glasa in 
thin way tu produci.' a degree of opacity, wicboiit colour, in imitation uf 
Lfroiind (tiMI. Tlio mineral k applied tu the surface of a pane, in a 
[tutu at iniMt minute divlaion, and miicd wiib a fluid veliicle. Aflei 
|tlMt ha* been inudurntely heated, bo as to dry the coating of fluor 
I Ipar liilt ntit to fine it, portions of the coating may be scraped off with 
I ft view uf obtaining n transparent design on a translucent ground. On 
L ixiHwiJig llio kIomi llitia prepared to a high temperature in an oven, 
iiiiti' tiflijiio Ik foriiii-'d, wbicli fuses into the substance of tlie glass 
niili di pill, itiiitoby ooniim-inicatiiig a pcmmnout opacity. 
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the blowing-iron, then dips this lump for a moment 
into a pot of melted coloured glass, and blows out 
the two together into a cylinder or globe, which is 
extended into a flat plate in the ordinary manner. 
This method has long been practised in Bohemia, 
and is now become very general for colouring crown- 
glass red by means of the suboxide of copper. Orna- 
mental vessels of flint-glass are also coloured on their 
outside in a similar manner, and colourless facets 
may be produced on such vessels by cutting through 
the layer of coloured glass into the substratum of 
colourless glass. 

A patent has been recently obtained for a method 
of ornamenting glass, as well as earthenware and 
porcelain, by a process similar to that for painting 
or staining glass. The glass vessel or plate to be co- 
loured is first of all covered with a thin layer of some 
adhesive matter, for which purpose essence of la- 
vender is said to be preferred by the patentee ; and 
on this coating, the colouring oxides, in a state of 
very fine powder, and mixed with proper fluxes, are 
carefully dusted. The colour is then permanently 
fixed by the usual process of "firing." To obtain 
a coloured design, the surface of the glass may be 
printed with the adhesive varnish by an engraved 
block; and the superfluous colouring oxide which 
does not adhere to the varnish may be removed, 
previous to firing, by means of a pair of bellows. 
Or else, the glass may be entirely covered with the 
varnish, and the powder be sprinkled through a per- 
forated screen, or an open fabric, such as lace, ap- 
plied to the surface of the vessel or pane. 

Articles made of flint-glass are sometimes orna- 
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amted with delicate white Argentine incmstationg 
femied of dij porcelain clay, cemented into a solid 
by meuts of a little plaster of Paris. These figures 
being tboroaghly dried are placed on the red-hot 
bulb of flint-glass, and are immediately covered with 
a thin layer of glass in a vety liquid state, so as to 
completely enclose the incrustations. The polished 
external layer of glass gives the white figures a very 
agreeable silvery appearance, and they may be easily 
coloured, if required, by proper metallic oxides beiore 
being applied to the glass. Flint-glass vessels with 
coloured enamel figures on their external surface are 
sometimes prepared by placing the enamel figure in 
its proper place in the mould into which the glass 
blown. The glass being very hot, the enamel 
I figure becomes firmly cemented to the surface.* 



Etching on glass. — The art of etching on glass 
by means of hydrofluoric acid may be practised on 

* A very aingular method of forming pictures of coloureJ gluages was 

pittctiaed by the nncienta, which seems to have consisted in laying 1»- 

gcther fibrca of glass of vnrioiis colours, so adapted to each other that ■ 

section ncrosa the fibres affunled a ropfceeutation of the object to be 

pttintod, and then cementing the bundle into a homogeneous mass. The 

, fallowing interesting account of two of these productions is given bj 

, Winkelmann in liis " Annotations on the Hietory of the Aita among the 

Anciciitd." " Each of them is not quite one inch long and one third 

of an inch broad. One plate exhibits, on a dark ground of variegated 

colours, a bird, representing a duck of various very hvely colours, mon 

Builnblu to the Cliinuse arbitrary taste, than adapted to shew the true 

tintu of nittiire. The outlines are well decided and sharp ; the colouiB 

Lbmutiful and pure, am! have a very striking and brilliant efiect, because 

■flw artist, according to the nature of the parts, has in some employed 

n opaque, and in otliors a transparent glass. The most delicate pexicil 

Fisf tlic miniature painter could not have traced more accurately and dis- 

F tinully cither the circle of the p^pil of the eye, or ihe apparently scaly 
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all kinds of glass, but the most proper description 
is good crown-glass. The facts on which this art 
is founded are, that glass becomes powerfully corroded 
by exposure to hydrofluoric acid, and that certain 
parts of the glass may be easily ^protected by a re- 
sist yamish, on which the acid exerts no action ex- 
cept at a high temperature. The yamish usually 
employed by artists for this purpose is either com- 
mon turpentine yaruish mix^ with a little white 
lead, or a strong aqueous solution of isinglass. In 

feathezB on the breast and wings, behind the b^^inning of which this piece 
had been broken. Bat the admiration of the beholder is at the highest 
pitch idien, by toming the glass, he sees the same bird on the reyerse, 
without perceiving any difference in the smallest points; whence we 
could not but conclude that this picture is continued through the whole 
thickness of the specimen, and that if the glass were cut transversely, 
the same picture of the duck would be found repeated in the several slabs ; 
i| conclusion which was still further confirmed by the transparent places 
of some beautiful colours upon the eye and breast that were observed. 
The painting has on both sides a granular appearance, and seems to have 
been formed in the manner of mosaic works, of single pieces, but so 
accurately united, that a powerful magnifying glass was unable to dis- 
cover any junctures. This circumstance and the continuation of the 
picture throughout the whole substance, rendered it extremely difficult 
to form any direct notion of the process or manner of forming such a 
work ; and the conception of it might have long continued enigmatical, 
were it not that, in the section of the fracture mentioned, lines are observ- 
able, of the same colours which appear on the upper surfsice, that per- 
vade the whole mass from one side to the other ; whence it became a 
rational conclusion, that this kind of painting must have been executed 
by joining variously coloured filaments of glass, and subsequently fusing 
the same into one coherent body. The other specimen is of almost the 
same size, and made in the same manner. It exhibits ornamental draw- 
ings of white, green, and yellow colours, which are traced on a blue 
ground, and represent volutes, beads, and flowers, resting on pyra- 
midally converging lines. All these are very distinct and separate, but 
so extremely small, that even a keen eye finds it difficult to perceive the 
subtle endings ; those, in particular, in which the volutes temiinate ; not- 
withstanding which, these ornaments pass uninterruptedly through the 
whole tluckness of the piece." 
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performing the process on a small scale, purified 
bees' -wax will be founij to form a convenient vamisb. 

The piece of glass to be etched is fii-st of all 
warmed in any couveiiient manner, and one of its 
Hurfaces is then rul^bed over with the wax, the tem- 
perature of the glass being high enough to cause the 
wax to melt and be distributed uniformly over the 
entire suiface. The glass is then set aside to cool ; 
and when the wax is become quite solid, the design 
may be traced with a pointed, but not very fine, 
instrument, such as a bodkin. A carpenter's brad- 
awl is a convenient tool for this operation, since, 
from being flattened at the end in one direction, it 
may be made to trace lines of different degrees of 
fineness, according to the position in which it is 
held. Care must be taken to cut through the entire 
thickness of the wax, so as to lay the glass quite 
bare through the whole length of the line. 

The next part of the process consists in the ap- 
plication of the hydrofluoric acid. The vessel em- 
ployed for this purpose is a shallow basin, either of 
lead or of Wedgwood's ware, (no glazed vessel should 
be employed,) large enough to include within its area 
every part of the design, when the prepared glass 
is placed upon its edge. The materials for gene- 
rating hydrofluoric acid, consisting of one part of 
powdered fluor-spar, smd about two parts of highly 
concentrated oil of vitriol, are introduced into the 
basin and weU mixed ; the glass plate is then laid 
on the edge of the basin with the waxed side under- 
most, and a moderate heat is applied to disengage- 
the vapom* of hydroflaoric acid. A spirit-lamp will 
be fouiid a convenient source of hciit, from the facility 



COLOURING OF GLASS. 93 

it affords of increasing or decreasing the tempera- 
ture at pleasure. Care must be taken to prevent 
the heat becoming high enough to melt the wax. 

After being exposed to the acid fumes for a few 
jninutes, the glass plate may be removed and cleaned. 
The lines where the wax had been removed are 
found to be covered with a white powder, which con- 
sists of siKco-fluorides of the metallic bases of the 
glass. The greater part of the wax may be re- 
moved by scraping with a common table-knife, and 
the remainder by warming the glass before the fire 
and wiping it with tow and a little oil of turpen- 
tine. The design will then be found perfectly etched 
•upon the surface of the glass, the depth of the lines 
being proportional to the time the glass was exposed 
to the acid vapour. Glass plates engraven in this 
manner are not adapted for printing upon paper, 
like a copper plate, from the facility with which 
they are broken by the pressure necessary to apply 
in printing. 

In conducting this operation, care should be taken 
not to allow the hands to become exposed to the 
acid fiunes, as the vitality of the parts would be in- 
stantly destroyed by the action of the acid. A 
dilute aqueous solution of hydrofluoric acid may be 
substituted for the vapour in the above process, 
with a similar result. 

Olass grinding and cutting. — The. implements 
employed in grinding and cutting glass are extremely 
simple, though necessarily very varied, owing to the 
great variety of work which has to be executed. 
The most important of the instruments employed in 
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this art are circular discs, seldom exceeding twelve 
inches in diameter, which are caused to work ¥dth 
great celerity on a horizontal axis, set in motion, in 
all large establishments, by steam or water power. 
Against the circumference of these revolving discs, 
the glass to be ground is held by the hands of the 
workman. 

The thickness of the cutting discs and the forms 
of their edge are varied considerably ; some being flat, 
others concave, others convex, and others wedge- 
shaped. Even forty or fifty discs with diflferent- 
shaped edges may be found in the same workshop. 
Materials of very different degrees of hardness, from 
cork to wrought iron, are employed in the forma- 
tion of these discs. Those made of wrought iron, 
which are very thin, are used to cut grooves in 
glass, by the aid of sand and water, which are caused 
to drop on the circumference of the disc from hoppers 
placed above. Cast-iron discs are also sometimes 
used in the roughest part of the operation, but the 
coarse work is usuaUy done by a disc of fine sand- 
stone wetted with water. When ground down to 
the proper shape, the glass is polished by exposure 
to softer discs, the action of which is generally as- 
sisted by various powders applied in a humid state 
to the circumference. Thus a copper disc is used 
with emery and oil; a disc of block-tin with per- 
oxide of tin or tutty; a disc made of willow wood 
with fine pumice-stone, colcothar, or putty; and a 
cork disc having an edging of hat-felt, with putty 
or colcothar. For grinding down and polishing op- 
tical glasses, brass moulds of the required shape are 
employed, the grinding and polishing powders being. 
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1% coarse emery; 2% fine emery; 3"*, fine pumice- 
stone, and 4°, finely washed colcothar, each being 
wetted with water. The polishing is sometimes com- 
pleted by a mould of lead. The formation of optical 
fflasses requires some dexterous and delicate manipu- 
lations, but the whole art of glass^nding and cut- 
ting is too strictly mechanical to require any further 
observations on it in a work treating merely of the 
preparation and chemical history of this highly im- 
portant and interesting article. 
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STARCH. 

§ I. Properties and composition of Starch. — II. Preparation of Starch 
from Cereals. — III. Preparation of Starch from Rice. — IV. Preparation 
of Starch from Potatoes. — V. Arrow-root ; Sago ; Tapioca ; Salep ; 
Tons les mois, and Indian Corn Starch. — VI, Dextrin and Starch 
Sugar. 

If a piece of dough made of wheaten flour and 
cold water is tied up in a linen bag and kneaded in 
cold water, a white pulverulent substance exudes, 
which is deposited on allowing the liquor to repose. 
When water no longer passes through the bag in a 
milky state, a dirty white or greyish substance re- 
mains in the bag, differing widely in properties from 
the separated powder, being characterized while moist 
by an extraordinary viscidity and adhesiveness. In 
this way the two essential constituents of flour are 
separated from each other: the viscid substance re- 
maining in the bag is called gluten^ and the white 
powder separated by washing is starch. 

Starch is not a constituent of grains of wheat or 
the different cereals alone : with the exception of 
woody fibre or lignin, it is probably the most abund- 
antly diffused of all proximate vegetable principles. 
It is contained in the seeds of all acotyledonous 
plants; in several round perennial roots which pro- 
duce an annual stem ; in tuberous roots, such as the 
potatoe ; in the stems of many monocotyledonous 
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plants, especially of the palm tribe ; in unripe apples 
and pears, according to M. Liebig; and lastly, in 
several lichens. It rarely occurs in the stems and 
branches of dicotyledonous plants. In whatever part 
of the plant starch exists, it is contained in the 
cavities of the cellular substance, not attached to 
the cell, but perfectly isolated and surrounded with 
an aqueous liquid. 

Several varieties of starch are found in commerce 
presenting slight modifications in their physical cha- 
racters, according to the plants from which they are 
derived, and the processes by which they are ex- 
tracted. The various sorts have hence received par- 
ticular designations. But chemically speaking, there 
is only one kind of starch, which is found to be 
possessed of the same chemical characters and the 
same composition, jfrom whatever plant or part of the 
plant it is derived : so that the several varieties must 
not be viewed as distinct species, but as mere struc- 
tural modifications of the same chemical ^bstance.. 

The principal varieties of starch which have re- 
ceived applications either in the arts or in domestic 
economy, are the following : 

Common starch, derived from the grains of cereals, 
especially of wheat. 

Potatoe starch, derived from the tubers of the 
potatoe. 

Arrow-root, derived mostly from the roots of the 
maranta arimdinacea. 

East Indian arrow-root^ chiefly from the tubers of 
the curcuma anguat^oliiu 

Sago, derived from the pith of palms of the genus 
sagus. 
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Cassava and tapioca, derived from the tuberous 
root of the Jatropha manihot. 

Indian corn starch, derived from the Zea mais. 

Salep, supposed to be derived from the roots of 
different species of orchis. 

Tons les mois, supposed to be derived from canna 
coccineaj and 

Rice starch. 

§ I. PROPERTIES AND COMPOSITION OP STARCH. 

In a state of purity, starch is a fine, white, taste- 
less, and inodorous powder. It gives a peculiar sound 
when squeezed between tiiie fing^^, and feels slightly 
crystalline, especially tons les mois and potatoe starch. 
It is insoluble in cold water, in alcohol, and in ether. 
In boiling water, starch resolves itself into a mucila- 
ginous liquid which forms a jelly on cooling. Pure 
stardh is soluble in dilute acids, and forms a transpa- 
rent solution which undergoes a remarkable series of 
changes by ebullition. The j*ecent solution is co- 
loured deep blue by an aqueous solution of iodine, 
but after a short boiling iodine produces a purple 
colour, and on continuing the boiling iodine at last 
ceases to produce any colour. In this experiment 
the starch is converted first into a substance having 
the properties of gum, called dextrin^ and afterwards 
into a variety of sugar, distinguished as starch sugar, 
or grape sugar. 

Starch is soluble in strong solutions of the caustic 
alkalies. K brayed in a mortar with a concentrated 
solution of potash, starch unites with the alkali, form- 
ing a transparent gelatinous compound, which is pro-, 

h2 
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bably of definite constitution, and not a mere mixture 
of starch and alkali. This compound is soluble in 
water and in alcohol, and starch is precipitated from 
such solutions by acids. When a solution of starch 
is mixed with lime-water, with a solution of caustic 
barytes, or with a solution of subacetate of lead, 
a precipitate is produced consisting of a definite com- 
bination of starch with the base applied. A solution 
of starch is also precipitated by an infusion of galls 
and by a solution of borax. When heated with mo- 
derately strong nitric acid, starch is oxidated and 
converted into oxalic acid, and at least one other 
acid, the nature of which has not been exactly deter- 
mined. No mucic acid is produced, as happens when 
gum is heated in nitric acid. 

Starch dried at the temperature of 212° has the 
following composition : 

12 eq. of carbon 72 44*44 

10 eq. of hydrogen 10 6*17 

10 eq. of oxygen 80 49*39 

leq. of starch 162 100*00 

The composition of starch dried at common tem- 
peratures is CiaHiaOia; by exposure to a temperature 
of 212°, it loses, therefore, two equivalents of water.* 

* The compound of starch and oxide of lead was found by M. Payen 
to have the composition C,, H, O, -|- 2 PbO, which renders it probable 
that the composition of anhydrous starch is Cj, H, O, : the hydrate ob- 
tained by drying at the ordinary temperature will then contain three 
equivalents of water ; and that dried at the boiling point, one equivalent 
of lister. We have then the following series : 

Anhydrous starch C,j Hj O, 

Starch dried at common temperatures C,j H, Oj + 3 HO 

Starch dried at 212° C,, H^ Oj + HO 

Compound of starch with oxide of lead C,.^ Hg O, -f-2PbO 
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Though possessing the chemical characters of a 
pure and distinct principle, starch, singularly enough, 
is possessed of an organized structure. When ex- 
amined by the microscope, it presents the form of 
rounded grains, the size and shape of which differ 
not only in starch procured from different plants, but 
even in that from the same plant at different times, 
and from different parts of the same plant at the 
same time. Thus, the diameters of the granules of 
potatoe starch vary from the seven-thousandth of an 
inch to the two-hundredth of an inch. Fig, 20 is a 

Fig. 20. 
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representation of the ordinary appearance of potatoe 
starch when viewed by the microscope with a power 
of two hundred diameters. The largest granules ob- 
tained from the seed of the millet (fig. 21, with the 
same magnifying power) do not exceed in diameter, 
according to Raspail, the four-hundredth part of a 
millimetre, that is, very nearly, the ten-thousandth 
of an inch. The granules of starch obtained from 
wheat (fig. 22), are more regular in form than those 
fi'om the potatoe. 

Fig. 21. Fig. 22. 

The size of the granules increases with the age of 
the vegetable, and in certain organs the shape also 
changes. In the month of June, starch extracted 
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from ihe tuberous root of the iris (iris Jlorentina) 

^)^, 23. presents tiie appearance of fig, 23, with 

o « o o 9 o a power of one hundred diameters ; but 

on allowing the tubers to repose in a 
shaded place in the open air for fifteen days, the 
starch then appears of the irregular forms in fig. 24. 
Pig/24. In the tuber vegetating in the 

Q Q /3^^ earth, the starch does not ac- 
quire this appearance before 
autumn (Raspail, Chimie Organique^ t. i. p. 452, 
2"® ed.). The granules of starch in the seed of JAe 
pea are three or four times as large as those in the 
expressed juice of the stalks (Liebig). 

Leeuwenhoeck had observed in 1716, by means 
of the microscope, that each granule of starch is 
composed of an envelope difiering in its characters 
from the interior globule. This observation, after 
having been entirely forgotten, was revived in 1825 
by M. Raspail, who was led, by a series of experi- 
mental researches on the nature of amylaceous prin- 
ciples, to the following conclusions : 

1°. The granule of starch is composed of an in- 
soluble tegument and a soluble gummy interior, which 
is the substance now known as dextrin (page 99). 
2*". The effect of a gentle heat on starch is first 
the expansion of the granule, and. afterwards the 
bursting of the envelope ; the rupture may occur in 
dry or wet starch. The application of many che- 
mical agents, such as sulphuric acid and hydrate 
of potash, is attended with the rupture of the en- 
velope merely on account of the heat produced by 
the combination of these bodies with the humidity 
of the atmosphere or of the starch. 3". When starch 
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is boiled in a large quantity of water, l^e dextrin 
liberated through the rupture of the envelope dis- 
solvas, and the insoluble tegument remains for a 
time in suspension, but is at l^igth deposited. The 
teguments have twenty times their original size, and 
form when in mass a tremulent opaque jelly. 4"". 
When vthe limpid solution decanted from the de- 
posit of teguments is evaporated at a moderate heat, 
it affords a substance having the external characters 
of a gum; the solution of which is precipitated by 
alcohol, and infusion of galls, but it is not coagu- 
lable by heat. 5**. Iodine produces a blue colour 
both with the teguments and the soluble matter, but 
not with the latter after it has been evaporated to 
dryness. The teguments retain the property of be- 
ing rendered blue by iodine when dry. 

For some time these conclusions of M. Easpail 
obtained pretty general assent, but more recent in- 
vestigations have shewn the inaccuracy of some of 
his positions. The ideas now generally entertained 
concerning the constitution of the starch granule 
are as follows : 

Instead of being formed simply of a tegument and 
of a homogeneous interior, the granule is composed 
of concentric layers of unequal thickness; but both 
the interior and the exterior are essentially one and 
the same substance, the difference in appearance 
resulting from a different state of aggregation and of 
hydration. The interior of the granule as well as 
the exterior is insoluble in cold water, or, at least, 
its solubility is so small that one thousand parts of 
cold water are required to dissolve one part of starch. 
It is not, therefore, identical with gum or with 
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dextrin, which substances are easily dissolved by 
cold water ; but it is capable of being converted into 
dextrin by the application of heat, a circumstance 
which appears to have been sometimes overlooked 
by M. Raspail. 

When granules of 'starch are well rubbed in a 
mortar with some hard powder, such as sand, the 
envelope is broken and the interior becomes exposed. 
If the mixed powder is put into cold water, the 
starch soon swells up into a tremulent jelly, but does 
not dissolve to a greater extent than above men- 
tioned. A similar change takes place when the un- 
injured grains are thrown into water at the tem- 
perature of 140** Fahr. They imbibe water, swell, 
burst their envelopes, and form a jelly. But the 
jelly is not to be considered a solution of starch. 
It has imbibed water as a sponge, and if placed on 
bibulous paper it imparts to the latter its moisture, 
shrinks up and dries to a mass resembling horn, 
insoluble in cold water. The name amidin has been 
applied to this gelatinous starch. 

Amidin is readily dissolved by boiling water, and 
if the mucilaginous solution which it affords is passed 
through a double paper filter, no granules or any 
solid matter can be perceived in the liquid by the 
microscope. If the solution is strong, it deposits much 
of the starch on cooling in a gelatinous state. M. 
Payen has made the curious observation, that when a 
solution of starch is frozen, that substance separates 
from the water and contracts into a kind of tissue 
which is not re-dissolved on the thawing of the ice. 
The tegumentary matter which remains undissolved 
at first, when starch is boiled in water, amounts to 
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about three or four parts in a thoasand of starch, but 
tills may also be dissolTcd by a prolonged ebullition. 

When grannies of some varieties of starch are 
examined by a high magnifying power, their sur- 
face appears to be marked with excentric rings sur- 
roonding a well-detiaed point. This appearance is 
exhibited in the annexed figure, Fjg. gc. 

which represents a granule of the 
starch known as tous les mois. 
The origin of these apparent wrinkles 
is not quite obvious. They are re- 
garded by Raspail as indications of 
a spiral attached to the interior of 
the tegument, and proceeding from 
the point or hilum ; but M. Fritzsche considers them 
to be evidences of the existence of the concentric 
layers already alluded to. The hilum is usually 
considered to be an aperture leading into the in- 
terior of the granule, by which the amylaceous mat- 
ter forming the internal laminse is introduced. 

When swelled by moisture, granules of starch are 
possessed of double refraction, in consequence of the 
pressure exerted by the teguments upon their con- 
tents, and present a very beautiful appearance when 
viewed in a microscope by polarized light,* for which 
purpose they may be put up either in Canada balsam 
or water. When the planes of polarization of the 
polarizer and analyser ore at right angles to each 

* To obtain the polsrized light, a Nicholl's prism or a tourmalin should 
be fitted beneftCh the stage on which the object is to be placed, bo as to 
polarize the ligbt reflected through the object by the mirror attached to 
the microscope. This is the " polarizer." Another Nicholl's prism or 
a tourmalin (the " analyser"), must be attached to the eye-piece of the 
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other, a distinct black cross is perceived (snch aa 
that exhibited in similar circumstances by doubly 
refracting crystals), the centre of which is at the 
hihna i£ the granule, as represented 
in the annexed figure. The remfun- 
der of the granule is white, but the 
field or ground is black or grey. 
On rotating either the analyser or 
polarizer 90°, the black cross is re- 
placed by a white one, the other 
parts of the granule becoming dark.: 
the field la then white. 

If a thin plate of mica or selenite Is placed any- 
where between the eye and the reflector of the mi- 
croscope, the edges of the cross and the intervening 
spaces become most beautifully coloured, and the field 
of view also assumes a tint dependent on the thick- 
ness of the mica or selenite. The adjoining spaces 
on either side of the cross exhibit complementary 
colours, which change on revolving the analysing 
plate, and become complementary at every quarter 
of a revolution. All the varieties of starch present 
this appearance, but not with equal distinctness, 
partly on account of their unequal state of distension. 
It is more evident in tous les mois, potatoe starch, 
and Indian com starch, than in wheat starch, barley 
starch, and some other kinds. 

If starch is dissolved in hot water, the solution al- 
lowed to cool and then filtered through paper, al- 
cohol produces a precipitate in the solution which 
presents an evident spherical structure when exa- 
mined with the microscope. The size of the gra- 
nules is less than the ten-thousandth part of an inch. 
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We are indebted to M. Jaoquelain for some rery in- 
teresting observations on iihis subject (Annales de 
Chimie et de Physique^ t. Ixxiii. p, 167). When 
starch is heated with from five to fifteen parts of 
water under pressure in a Fapin's digester to the 
temperature of 302" Fahr. (150" Gent,), for about 
two hours, everything is dissolved except the outer 
coating, and the solution, if near the boiling point, 
is sujfficiently thin to be fUtered through paper. As 
the liquid cools, it deposits a considerable quantity 
of starch in the form of white .granules, opaque when 
in mass, and denser than water, subsiding firom that 
liquid almost as quickly as potatoe starch. When 
dry, this deposit is white, but it wants the lustre of 
common starch. On examining these granules by 
a microscope with a power of two hundred dia- 
meters, M. Jaequelain observed them to be sphe- 
rical, transparent and uniformly x^feir of a milli- 
metre ( Tshsjs of an inch) in diameter. 

The most remarkable chemical change which the 
starch undergoes in this experiment is an increase in 
solubility in water. The granules are slightly solu- 
ble at 54° Fahr., but in a much larger proportion at 
158°, and in larger still at the boiling point. At the 
freezing temperature, however, they are scarcely at 
all soluble. The granules are coloured blue, and not 
purple, by iodine; and a precipitate is produced in 
their aqueous solution by alcohol. 

The composition of the granules is the same as 
that of starch dried at 212°, that is C„ Hjo 0,o; but 
M. Jaequelain always obtained about 0*25 per cent. 
of nitrogen from the granules, and a little larger 
amount from ordinary starch. He considers a small 
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quantity of nitrogen to be essential to the constitution 
of all the Tarieties of starch. 

The pecnliar appearance which starch presents 
when brought into contact with a sdution of free 
iodine, already aUuded to, constitutes a most delicate 
test for either starch or iodine. If an aqueous so- 
lution of iodine is applied to the ordinary granules 
of starch under the microscope, the colour of the 
granules may be observed to become first purple, 
afterwards violet, and at last, if the iodine is in 
excess, as when tincture of iodine is applied, deep 
blue; but the granules undergo no change in form 
or in size. If the coloured granule is brought into 
contact with a dilute solution of anunonia, with very 
dilute caustic potash or with lime-water, it parts 
with iodine and reassumes its original transparency 
without any change in form or dimensions.* 

When a very dilute solution of starch, rendered 
blue by a small quantity of iodine, is heated, it loses 

* A difference of opinion exists among chemists concemiiig tbe na- 
tm'e of this compomid of iodine and starch. By some it is regarded as 
a mere mechanical mixture of the two suhstances, but others consider 
it to be a true definite compound of starch and iodine. From an analysis 
of this substance, by Lassaigne, it seems to be composed of two equi- 
valents of iodine and one equivalent of starch. It is formed whenever 
free iodine is brought into contact with starch, and may be obtained in 
a state of purity by adding an alcoholic solution of iodine to a clear 
solution of starch containing some muriatic acid. The precipitated 
iodide of starch is collected on a filter and washed with small quantities 
of water until the filtered liquid exhibits a very blue colour ; it may 
then be removed from the filter and dried in vacuo, being supported 
over a surface of oil of vitriol. It is then obtained as a brownisb- 
black and brilliant gummy mass, easily pulverizable when dry, but it 
becomes viscous when exposed to the atmosphere through the absorpti<m 
of moisture. It is insoluble in hydrochloric acid, but soluble in water, 
giving a deep blue solution. 
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all its colour at the temperature of 158** or 160* 
Fahr.; but if concentrated, a temperature of 194** is 
requisite to produce that effect. On the cooling of 
the liquid the blue colour reappears, unless the solu- 
tion has been boiled ; in the latter case the iodine ap- 
pears to have combined with the elements of water, 
with formation of iodic and hydriodic acids. The 
blue colour may then be restored by the addition of 
a little hydrochloric or oxalic acid.* 

§ II. PREPARATION OP STARCH FROM THE CEREALS. 

Starch forms the principal constituent of the seeds 
of all the cereals. The other ingredients are gluten, 
gum, and sugar. The proportions in which these 
substances exist differ not only in various cereals, 
but also in different plants of the same kind, accord- 
ing to the soil, mode of culture, season, and climate. 
All the cereals are adapted for the manu&eture of 
starch; but only wheat, barley, and rice are em- 
ployed on the large scale. 

The gluten with which starch is accompanied in 
these seeds is not a pure principle, but contains 
at least two, and probably three, distinct substances. 
As obtained by the process mentioned at the com- 

* Chloiine and bromine also fonn compounds with starch, hut that 
wiih. dilorine is probably not of definite constitution. Dry starch ab- 
sorbs chlorine gas and forms a liquid mass of a brown colour, containing 
much free hydrochloric acid. A little carbonic acid is evolved at the 
same time. The so-called bromide cf starch is precipitated as an orange 
powder on mixing a solution of starch in water acidulated by muriatic 
acid, with an aqueous solution of bromine. This compound is decom- 
posed bj heat with great &cility, bromine vapour being evolved. A 
slight exposure to a gentle heat destroys the colour of bromide of starch, 
but it reappean to a certain extent on cooling. 
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mencement of this article^ gluten, when moist, is 
an exceedingly tenacious and elastic substance, ca- 
pable of being extended into twenty times its original 
length. In a lump it is of a greyish colour; but 
when drawn out very thin it is whitish^ and much 
resembles the animal tendon. The adhesiveness of 
paste made of wheaten flour is due to the presence 
of gluten, and this substance has been sometimes 
employed alone to cement broken pieces of porcelain. 
The sponginess of bread and the viscidity of dough 
are also owing to the adhesiveness of gluten ; and the 
absence of this substance in potatoe flour renders 
the latter unfit, alone, for the preparation of bread. 
By a gradual exsiccation gluten becomes hard, brit- 
tle, translucent, and of a dark brown colour. Iti& 
soluble in acetic acid and in alkalies. 

The gum contained in wheat is not quite identical 
with gum-arabic. The latter when treated with 
nitric acid gives rise to mucic acid, but the former 
produces oxalic acid and carbazotic add, or the bitter 
principle of Welter. It seems to contain nitrogen 
as an essential constituent. As existing in the seeds, 
the svgar of wheat, &c., is probably identical with 
cane sugar, but it cannot be easily separated in a 
crystalline state.* 

The material to which the starch manufacturer 
gives a decided preference as the source of starch, 

♦ Analyses of the flour of eight ▼arieties of common wheftt by Vauque- 
lin gave the following as the mean composition : 

Water 10-8 

Gluten 10-80 

Starch 68-20 

Sugar 5'61 

Gum 4*11 

Analyses 
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Jfhm Gie ordinary processes are made use of, is 

wiieat If damaged bj exposure or long keeping, 

* 

Analyses of three varieties of wheat hj M. Fuss afforded the following 

results: 



19-56 15-61 

56-67 58-90 

0-88 0-30 

0-60 0-68 

0-48 0-40 

0-06 O06 

6*66 6*99 

8-45 9-70 



Gluten 16-04 

Starch 6603 

V^etahle albumen 0'16 

UncrystBllizable sugar 0*60 

Gum ^ 0-41 

Acid phosphates 0*08 

Fibrin and bran 8*30 

Water 9-39 

The following table shews the proportions of starch and gluten per 
cent, contaii^ in several varieties oS wheat, &c, as determined by Sir 
H. Davy (Agricultural Chemistry), Vauquelin, and other chemists : 

Starch, Gluten, 

ATiddlesex wheat 76-60 19-00 Davy. 

Spring wheat ^ 7p<K) 2^00 

Mildewed wheat of 1806 17*10 3-20 

Blighted wheat of 1804 5200 1300 

Thick-skinned Sicilian wheat of 1810 72-50 23^00 

Wheat from Poland 7500 

North American wheat 73*00 

Flour of French wheat 71*49 

„ of hard wheat of Odessa 56*50 

„ ofsofk wheat of Odessa 62-00 1200 

Wheat of French bakers : 72*80 10*20 

Flour of the Paris hospitals, (2nd quality) . 

(3rd quality) . 



20-00 

22*50 

10-96 Vauquelin. 

14*55 



» 



» 



.. 71*20 10*30 
.. 67*78 

„ of triticum hybemum 68*00 

„ of triticum spelta 74*00 



Rye flour 61*07 

„ from Poland 60-80 

White oatmeal 59*00 

Barley meal, besides 55 of hordein 32*00 

Oats from Scotland 64*10 

Rye from Yorkshire 64*50 

Common beans 42*60 

Wheat affords very little ash on incineration ; scarcely more than 
fifteen parts in ten thousand. It consists chiefly of phosphates of soda, 
lime, and magnesia, with a trace of silica. It contains but a very fed>le 
trace, if any, of sulphuric acid. 



9*02 
24*00 Vogel. 
22*00 „ 

9*48 Einhof. 

9-40 Greiff. 

4*30 Vogel. 

3*0 Proust. 

8*70 Davy. 
10-90 
10*30 



}} 
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it is still available in this manufacture, starch being 
far less subject to decomposition than the other con- 
stituents of wheat. 

The simplest method of separating starch from gin- 
ten, and the other substances with which it is accom- 
panied in wheat, is by the mechanical process alluded 
to at the commencement of this article; that is, by 
washing dough, enclosed in a linen bag, in a gentle 
stream of cold water (page 97). But the starch 
thus obtained is not wholly free from gluten. The 
complete removal of the latter is effected by a very 
different process, consisting in the application of some 
liquid in which the gluten can dissolve, but in which 
the starch is insoluble. For this purpose there may 
be employed either 

1**. Dilute acetic acid, or 

2*". A very dilute alkaline solution. 
When a mixture of starch and gluten is digested in 
either of these liquids, the gluten dissolves and leaves 
the starch unacted on. 

The employment of an alkali in the preparation 
of starch from the grains of cereals, or rather the 
application of an alkali on the large scale, is a re- 
cent and very important improvement in the ma- 
nufacture. As it is practised more particularly in 
the preparation of starch from rice, we shall have 
occasion to recur to it under that head. 

The principal solvent of gluten in the old pro- 
cesses is acetic acid. This acid is not applied im- 
mediately as the caustic alkali is, but is generated 
in the liquor in contact with the impure starch by 
exciting a fermentative decomposition of a portion 
of the gluten and likewise of the starch itself. That 
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starch may be separated from bruised wheat by the 
simple process of washing in water has been known 
for many ages, but in the common processes the sepa- 
ration is almost wholly effected by the action of acetic 
acid formed by fermentation. The method generally 
practised in this country in the present day is the 
following. The wheat, coarsely ground between iron 
roUers, is digested in a vat with suflSicient water to 
wet it thoroughly. A fermentation commences in 
three, four, or five days, according to the state of 
the weather ; the mixture soon settles, and is then 
transferred to a large fermenting vat with a quantity 
of water. After having remained here for a fort- 
night or three weeks, the deposit is removed to a 
stout basket, in which it is washed by a stream of 
water, being constantly stirred. The bran remains 
in the basket, and the milky liquor which comes 
through, containing the starch, is strained through 
a hair-sieve into a square tub called the frame. In 
about twenty-four hours the impure starch settles 
to the bottom ; the supernatant liquor is then with- 
drawn by plugs at different heights in the sides. 
The deposit consists of two layers ; a thin light mu- 
cilaginous sediment, called the slimes^ on the top; 
Slid underneath, a white coherent layer of impure 
starch. The slimes being, removed, fresh water is 
introduced, and the mixture after agitation is thrown 
on a finer sieve than that previously used. When 
the starch is deposited fi-om the percolated liquid, the 
latter is decanted, and the remaining slimes being re- 
moved, the starch is again mixed with fresh water. 
After being once more passed through the sieve, the 
mixture is allowed to stand for several days, so that 
VOL. II. I 
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the deposit of starch may become firm. It is then fit 
to b^ ^^ boxed." The blue tint of starch is usoslly 
imparted bj the addition of a little smalts at thd 
last sieve. In a recent patent for some improTe* 
ments in the starch manufacture, Mr. Berger claims 
the use of artificial ultramarine as a substitute for 
smalts in the tinting of starch. Any trace of acid 
which may b^ present in the starch must then be 
carefully neutralized by the application of an al' 
kali.* 

When the moist starch is sufficiently firm, it is 
shovelled into oblong wooden boxes, of from four 
to five feet long, one foot broad, and about six <ff 
seven inches deep, perforated at its bottom, and 
lined with a linen cloth or thin canvas. When the 
starch is become tolerably hard, it is taken out of 
the chests, cut into pieces of five or six inches 
square, and set to dry on half-burned bricks. By 
their porosity the bricks imbibe the moisture of the 
starch, without the under-surface of the latter be* 
coming very hard. After having remained on the 
bricks for from eight to ten hours, the pieces are 
put into the stove^ which is a square building, mo- 
derately heated from below, and fitted up with racks 
on every side. When tolerably dry, the pieces are 
taken out of the stove . and removed to a taU^ 
where the sides, consisting of a slimy crust, are 

* The presence of a minute quantity of an alkaline carbonate rather 
improves starch than otherwise, as it serves to neutralize the smaO 
quantity of acetic (and probably lactic) acid which is produced oil 
starched goods through, the fermentative decomposition of a portion of 
the starch. Starched cotton goods, when laid by for severed months 
iiD a humid situation, ifivariably become weakened in the fibre^ through 
fht ttiion of the acid thuft generated. 
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carefiiUy scraped off with a knife. The remaiiidei;, 
which is pure starch, is then packed up in the papers 
itt which it is sold, and returned to the stove pretty 
strongly heated, where it remains until quite dry. 
During the desiccation, it splits with much regularity 
into the prismatic columns, in which wheat starch is 
eominonly met with. 

During the fermentation of the grains in the 
process just described, a very offensive odour is. de- 
veloped, arising from the putrefactive decomposition 
(rf the azotised substances present. The liquor which 
remains after the fermentation is very foul and acid, 
and is hence called "sour water." It contains al- 
cohol, acetate of ammonia, acetic and lactic acida, 
phosphate of lime, and gluten. The fermentation 
which takes place first is the vinous, at the expense 
of the sugar and a considerable portion of the starch : 
oarbanic acid and alcohol are thus formed ; the former 
i$ evolved as gas, and the latter remains in the 
Uquor. But when exposed to the air and in pre- 
sence of azotised matter in a state of decomposition, 
alcohol does not remain long without undergoing 
the acetous fermentation, and it is by the acetic acid 
thus formed that the complete separation of the 
starch and gluten is effected. The decomposition 
of a portion of the gluten gives rise to ammonia, 
which unites with some of the acetic acid to form 
acetate of ammonia. The lactic acid is a secondary 
{product arising from the fermentative decomposition 
of a portion of the starch. It probably assists the 
acetic acid in dissolving the gluten. 

The loss of a great portion of the starch, and of 
all the gluten, and the insalubrity of the volatile 

I 2 
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products of the fermentation, render the improve- 
ment of this process highly desirable. The incon- 
veniences have been overcome, however, by partially 
reverting to the old method of making starch ; that 
is, by simply washing dough in water. The vessel • 
in which the dough is washed is a kind of trough 
furnished with a double bottom ; the uppermost 
contains numerous small perforations. The dough, 
which is made with a very small quantity of water, 
is stirred about in the trough with a large pestle, 
water being at the same time poured in gently at 
the top. A wooden box is placed below the trough 
to receive the water which passes through the dough. 
It is said that nearly the whole of the starch may 
be thus separated from the ^gluten, the latter re- 
maining in the trough as a homogeneous tenacious 
mass. 

The deposit of starch obtained from the milky 
washings is contaminated, however, with appreciable 
quantities of gluten, and other impurities derived 
from the flour. To separate these, the supernatant 
liquor is decanted, and replaced by a quantity of 
fresh water : the mixture is well agitated, and al- 
lowed to stand in a large tub for one or two days, 
during which it undergoes a slight fermentation. 
The fermented liquor is decanted, and after another 
washing, the starch may be dried, as in the ordinary 
process. 

By this process there are obtained about 55 per 
Hjcnt. of starch, and about 30 per cent, of gluten; 
/ while the common process by fermentation affords 
only 45 per cent, of starch, and no gluten.* 

* Payen. Court de Chimk Organique, 



PREPABATION OF STARCH FROM THE CEREALS. 117 

The use made of gluten in the French manu- 
factories, where the preceding process is carried on, 
is in the preparation of macaroni, vermicelli, &c., 
by mixture with a certain quantity of common flour. 
The quality of these preparations is considered to 
be nearly proportional to the quantity of gluten con- 
tained in the flour of which they are made. On 
that account the flour used for this purpose by the 
Italians is made from wheat imported from Africa, 
the grains of cereals grown in hot climates always 
containing more gluten than those of the same species 
grown in more temperate. To the French and Ita- 
lians, who consume an immense quantity of these 
preparations, this application of gluten is of great 
importance, and probably contributes in a great de- 
gree to the success of the process just described as 
a commercial speculation. 

Wheat is sometimes employed in the manufacture 
of starch in an unground state. Having been sifted 
clean, it is soaked in soft water until it becomes 
swoUen, and so soft as to be easily crushed between 
the fingers. It is then taken out, and immersed for 
a short time in warm water ; after which it is placed 
in bags, and exposed to strong pressure in a wooden 
chest containing some water. From the milky liquor 
which is thus obtained, the starch is procured by the 
suo^ive ^> des^riW in the tot proeea,, or b, 
the action of an alkali, as will afterwards appear. 

Instead of pressing the swollen grain in bags, some 
manufacturers prefer to grind it between a pair of 
horizontal rollers, or under vertical edge-stones, and 
then to wash out the starch by repeatedly agitating 
th^ ground grain with water in a large cistern. As 
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soon as the heavier portions are subsided, the milky 
liq[uor is decanted, and the starch allowed to subside. 
It is probable that more gluten accompanies the 
starch made by this process, than when the grains 
are t)ressed in bags. 



§ III. PREPARATION OF STARCH FROM RICE.* 

A process for preparing starch from those grains 
in which it is accompanied by gluten, differing es- 
sentially in some respects from those which have 
just been considered, has been extensively practised, 
of late, by several manufacturers, and was intro- 
duced on the large scale by Mr. Orlando Jones in 
1840. In this process, the separation of starch 
from gluten is effected by digesting the farinace- 
ous matters in a dilute solution of an alkali. The 
gluten is thereby dissolved, and the starch left un- 
acted on. The process is applied on the large scale, 

* Analyses of Carolina rice and Piedmont rice by Braconnot afforded 
ihe following as the constiluetits : 

Carolina. Piedmont. 

Starch 8507 83-80 

Gluten 3-60 3*60 

Gum 0'71 O'lO 

Uncry»tallizable sugar . . . . 0*29 0*05 

Colourless rancid fat, hke suet . • .0*13 0*25 

Vegetable fibre 4*80 4*80 

Phosphate of lime 0-13 0*40 

Water ...... 5*00 7*00 

99-73 100*00 

Besides traces of chloride of potassiam, phosphate of potash, sulphur, 
■Acetic acid, lime, and potash. 
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rmsre particnilarly, to the preparation of starch from 
rice; but it may be also employed with advantage 
to prepare starch from wheaten flour. The impure 
deposit of starch obtained by washing dough (as in 
the process described at page 116) may be easily 
rendered pure by digestion in a dilute alkaline liquor. 
By this process not only may a larger quantity of 
excellent starch be obtained than by the common 
fmnenting process from the same amount of grain, 
but the time required for production is mat^ially 
shortened, and the bye-product, or gluten, may be 
made available for other purposes. 

This is said to be the only process by which rice 
can be made practically available as a source of good 
starch. 

The first part of Mr. Jones's process consists in 
the preparation of a solution of caustic potash, or 
caustic soda containing about two hundred grains of 
red alkali to the gallon. If much stronger, the 
alkali would dissolve the starch as well as the gluten. 
To every fifty gallons of the alkaline solution, one 
hundred pounds of rice are added, and allowed 
to macerate for from twenty to twenty-four hours. 
The vessel in which this mixture is digested may 
be of stone-ware, of tinned iron, or of tinned 
copper. 

When the rice has digested the proper time, the 
alkaline solution of gluten is drawn off* into a wooden 
vessel by means of a tin siphon or a tinned tap fixed 
to the bottom of the vessel, the interior opening of 
which is furnished with a piece of finely perforated 
tin or other strainer. The residuary rice is then 
washed by the aflfusion of a large quantity of cold 
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water, which is drawn off^ and the rice set to drain 
OD sieves. 

\MieD the rice is completdy drained, it is redaced 
to flour by grinding with rollers or millstones, and 
after being passed through sieves, is digested a se- 
cond time in an alkaline ley of the same strength as 
before, in the proportion of one hundred pounds of 
flour to one hundred gallons of ley. To this mixture 
is added any deposit which may have been formed 
in the water with which the starch was washed. The 
flour is repeatedly agitated during twenty-four hours, 
and then allowed to deposit for about seventy hours. 
The deposit consists of two layers, the lowest of which 
is composed of the fibrous matter of the grain with 
a little starch ; the uppermost layer is starch. The 
supernatant solution, which is of a brownish-yellow 
colour, and more or less turbid, contains the whole 
qf the gluten. 

When the starch is completely deposited, the 
liquor is decanted, and the deposit is agitated with 
a large quantity of cold water. On standing for 
about an hour, the fibrous matter (which is de- 
posited much quicker than the starch) falls to the 
bottom accompanied with a little starch, but leaving 
by far the greater quantity suspended in the liquor. 
The latter is then drawn off by a tin siphon, passed 
through a fine sieve to remove any portions of the 
husk with which it may be mixed, and received in 
a wooden cistern. The fibrous sediment is washed 
by repeated affusions of water and decantations so 
long as it continues to afford any starch. 

The starch liquor in the wooden cistern 'is then 
allowed to settle for about seventy hours ; and when 
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the deposition is complete, the liquor is decanted and 
the starch is blued, if required, drained, and dried 
in the usual manner. 

Such is the process for preparing starch of the 
first quality from rice, but inferior starches may be 
procured from this source by less complicated mo- 
difications of Mr. Jones's process. Thus, for exam- 
ple, instead of separating the deposit of starch from 
the fibrous sediment by decantation, the mixture is 
sometimes agitated, and simply passed through a 
fine silk sieve to separate the husk, and received 
into a wooden tank where the final deposition takes 
place. 

To obtain starch from wheat by the action of an 
alkali, Mr. Jones proceeds in the following maimer, 
according to the specification of his patent. 

The wheat being ground into meal as usual, fifty 
pounds of it are well mixed with one hundred gallons 
of caustic alkaline solution of the strength of one 
hundred grains of real alkali to the gallon : the mix- 
ture is repeatedly agitated during twelve hours, and 
then allowed to stand about seventy hours to subside. 
The deposit consists of three layers, the lowest of 
which is the bran; the middle layer is the fibrous 
matter, and the uppermost starch. The supernatant 
liquor, which is brownish-yellow, contains the gluten 
in solution with traces of foreign matters. When 
the deposition is complete, the liquor is decanted, 
and the deposit is mixed with fresh water, and passed 
through sieves to separate the bran. The sepa- 
ration of the starch from the fibrous matter is then 
effected in the same manner as in the process for 
rice starch. 
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To procure the i^toi contauied in the aULaliDe 
liquors of these operations, the alkali is careMy 
neutralized with sulphuric acid. The gluten is there- 
upon precipitated, and when ocMnpletelj subsided the 
clear supernatant liquor is decanted and the pre- 
cipitate washed by afiusion and deeantation. It is 
afterwards drained, dried in stoyes, and ground into 
flour by a mill cmt by rollers. It is said ihsA the 
flour thus obtained may be advantageously mix^ 
with wheaten flour in the preparation of bread, 
biscuit, &c. The fibrous matter separated in the 
manufacture of starch of the finest quality may h^ 
mixed with the gluten, and the whole dried mi 
ground for use. 

A process for making starch has bew pi^tented 
by Mr. Berger, in which the solvent for ^e gluten 
is a solution of a fixed alkaline carbonate ; carbo- 
nate of soda being preferred, from its relative in- 
expensiveness. A hundredweight of unground rice, 
perfectly freed from the husk, is digested in water 
for two days, and then (the water being decapted) 
reduced to the consistence of thick cream by bejiig 
passed with water through levigators, and st]:al|i^ 
through a sieve. To the pulp thus obtained ifS 
added a solution of carbonate of soda, composed nf( 
seven pounds of the carbonate dissolved in tiiirpe 
and a half gallons of water, and the mixture is 
stirred for half an hour : it is then allowed to stand 
for fifty or sixty hours, being stirred once every 
four hours. At the end of that time the mi^cture 
is allowed to repose ; and after having stood fcr .twelve 
or eighteen hours, the supernatant liquor, contain- 
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in^ file gluten, is decanted, and the sediment is 
treated in like manner witli another solution of car- 
b(mate of soda of the same quantity and strength 
as before. 

The sediment is next mixed with two hundred 
and twenty-fcmr gallons of water, and the mixture 
is pumped slowly into a long vat divided into three 
or moi^ compartments, ^en the first compart- 
ment is full, the liquor flows over the partition into 
the second ; and so on until the vat is filled, and the 
liquor runs out at the farther end. By this ar- 
rangement, the heavy gritty particles with which 
the starch is mixed are separated in the different 
compartments, and the starch passes from the vat 
in a pure state. The liquor is allowed to stand^ and 
the starch is separated and boxed in the ordinary 
manner. 

An additional quantity of starch may be obtained 
by collecting the gritty sediments in the different 
compartments, and treating them in like manner 
with another quantity of the solution of carbonate 
(^soda. 

Another method of {preparing starch from rice has 
been devised and patented by Mr. James Coknan, 
which consists in the application of a dilute add as 
a sdvent for the gluten, the starch remaining un- 
dissolved. The acid to which preference is given 
is hydrochloric or muriatic. The rice, having been 
softened by digestion in water and reduced to a pulp, 
is mixed with dilute muriatic acid, composed of 
three quarters of an ounce, or one ounce, of strong 
acid to a gallon of water, in the proportion of two 
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pounds of rice to a gallon of dilute acid, and is allowed 
to digest during five days, being stirred every four 
hours. The mixture is next left to settle for eighteen 
hours; after which the Uquor is decanted, and the 
sediment treated in a similar manner with another 
quantity of acid liquor, somewhat more dilute than 
the former. The starch thus obtained as the se- 
diment is washed through sieves, and dried, as 
usual. 



§ IV. PREPARATION OF STARCH FROM THE POTATOE. 

The manufacture of starch from potatoes is carried 
on to a very large extent in France; not less than 
twelve millions of kilogrammes, or about twenty-six 
millions five hundred thousand pounds, being pro- 
duced there annually. 

In this country, also, potatoe starch has of late 
been manufactured in considerable quantity, and 
sold for food under a variety of imposing names. 
The basis of " Bright's Nutritive Farina " is potatoe 
starch, carefully prepared and slightly aromatized 
and coloured. The " Prince of Wales' Food," pre- 
pared by the Patent Farina Company, " Anderson's 
Soluble Starch," and some of that sold as "Indian 
Corn Starch," are merely potatoe starch with various 
slight additions to impart a flavour. The " potatoe 
flour" met with in some Italian warehouses in Lon- 
don is the same substance (Dr. Pereira). 

The composition of the potatoe has often been 
made the subject of chemical investigation. The 
existence of starch in the tuber was discovered about 
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the middle of last century, and announced in the 
Swedish Transactiona with a simple process for its 
preparation. Feai^on, Lampadius, and Henry junr. 
have executed analyses of different kinds of potatoes ; 
but the results which deserve most confidence are 
those obtained by Einhof. The different varieties 
contain the same ingredients, but the proportions 
vary considerably, as may be seen by the following 
table. The first six results were obtained by Einhof; 
the seventh by Henry, and the remainder by Lam- 
padias. 

COMPOSITION OF THE POTATOE. 
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18' 7 
15-4 


1-4 
1-3 
0-4 
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73-0 
93-0 
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74'3 
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77-5 
70-3 
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The potatoe contains some substances, however, 
which are not included in the preceding table. An 
extended analysis by Michaelis (in 1837) of a red 
potatoe, richer in starch than the ordinary varieties, 
gave the following results : 
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^^~^ < 30-469 

Starchy fibrin ) 

Albumen '503 

Gluten ^ -055 

Fat 056 

Gum 020 

Asparagin * '063 

Extractive matter "921 

Citrates, silicates, and phosphates of potash, soda, \ 

lime, magnesia, alimiina, and protoxides of iron ^ *815 

and manganese j 

Chloride of potassium *176 

Free citric acid '047 

Water 66*876 

100-000 

The starchy fibrin or amyldceous fibrin of the 
potatoe differs essentially from the fibrous matter of 
most plants. It consists for the most part of a sub- 
stance analogous to common starch in many of its 
properties. Asparagin is a white, soluble, ci^stalli- 
zable substance discovered in the juice of the as- 
paragus by Kobiquet in 1805. It was first detected 
in the potatoe by Vauquelin. 

The shoots of germinating potatoes were disco- 
vered by M. Baup to contain a small quantity of 
solanine^ an extremely poisonous substance which 
constitutes the active ingredient of the solanum dulc- 
arriara (deadly night-shade). It is contained in 
several species of solanum. The observation of 
Baup has been confirmed by Otto of Brunswick, 
who found the germs developed in the spring to 
contain a very sensible quantity of this poisonous 
principle. The tuber itself sometimes contains a 
small quantity, which it readily yields to wuter 
(Buchner), K germinated potatoes (with the germs 
remaining) are employed in the preparation of pa? 
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tatoe spirit, Uie residue' contains so lai^e a quantity 
of solanine, that cattle fed with it become paralyzed 
in their posterior extremities.* 

From the table inserted at page 125, it is evident 
that different varieties of the potatoe contain very 
different quantities of starch. The following table, 
drawn up from the experiments of Mr. W. Skrim- 
shire, shews the proportion of starch, &c. obtained 
from five pounds of various kinds of fresh potatoes. 
The starch was separated by grating the potatoe 
and washing the pulp on a scarce (Thomson's Or- 
ganic Chemistry, Vegetables). 



STAKCH IN POTATOES. 
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Pine starch 
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0: 
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o' flj 
l| 
8 
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Water, mnctu, and 1 
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Total 


5 


5 


5 


fi 


5 


60 


5 


5 



* This is by no means a Tare instance of the contiguity of an so- 
tive poison and su amylaceous substance. In the tuber of Arum, for 
katBMe, starch is associated with an acrid principle which gives it a 
purgative property ; and in the root of the numioc, from which tapioca 
and cassava are prepared, the starch is accomp^ied by pnusic acid. 
But, fortunately, the poiaoDous matters may always be removed by 
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The relative quantity of starch, however, depends 
not only on the variety of potatoe, but on the nature 
of the soil, the mode of culture, and the season of 
the year at which it is prepared. That the same 
kind of potatoe contains different proportions of 
starch at different seasons of the year, has been 
lately shewn by M. Pfaff, who obtained the following 
quantities from 240 pounds of the same kind of 
potatoe :* 

In August, from 23 to 25 pounds ; 

In September, from 32 to 38 pounds ; 

In October, frotn 32 to 40 pounds ; 

From November to March, from 38 to 45 pounds ; 

In April, from 88 to 28 pounds ; 

In May, from 28 to 20 pounds. 

As the proportion of starch is so variable, the 
manufacturer should always make a preliminary esti- 
mation on a small scale of the value of the po- 
tatoe to be used in the manufacture, before appro- 
priating a considerable quantity for that purpose. 
To determine the real value of the potatoe^ it is 
necessary to know, 1**, the amount of water ; and 
2**, the amount of starch in the dry residue. 

The proportion of water may be determined with 
sufficient accuracy in the following simple manner. 
The potatoe being well cleaned is cut into very thin 

extremely simple means. They are invariably soluble with facility in 
water ; hence the process of washing in cold water suffices for their re- 
moval. The inhabitants of Guyana and the Antilles have long been 
acquainted with the means of separating the prussic acid from the starcb 
deposited from the juice of the manioc. Their method consists in ex- 
posing the starch to a moderate heat ; when the prussic acid, which is 
extremely volatile, is entirely dissipated in vapour. 

* According to M. Girardin, frosted potatoes afford as much stardi 
as those which are unfrosted. 
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lices, which are weighed and then placed .side by 
ide on a plate, and covered with a piece of bibulous 
>aper. The slices are then exposed to a moderate 
leat (about 110° or 120° Fahr.) in a drying stove 
3r other convenient place. The completion of the 
irjing is known by the weight of the slices re 
maining constant after intervals of a quarter of an 
hour or so. They are then hard and brittle, and the 
loss on their original weight gives the proportion of 
water required. 

The amount of starch is estimated by a process 
quite analogous to that practised for its extraction 
on the large scale. A fresh quantity of washed pota- 
toes is reduced to a fine pulp, with the assistance of a 
rasp, weighed, and placed on a fine sieve of horse- 
hair or metallic gauze. A small stream of water 
is allowed to fall on the centre of the sieve, the pulp 
being at the same time briskly agitated between the 
hands. This operation is continued so long as the 
water passes through the sieve in a milky state. 
The starch liberated by the rupture of the vegeta- 
ble cells is carried by the water through the sieve, 
and is deposited on the standing of the milky liquid. 
When fully subsided, the supernatant liquid is poured 
off, the starch agitated with a fresh quantity of 
water, and again allowed to subside : the decanta- 
tion and affusion of fresh water having been re- 
peated two or three times, the starch may be drained, 
carefiiUy dried in a stove, and weighed. 

As the starch is not distributed over the tuber 
equally, in making such an analysis as this the part 
operated on is not a matter of indifference. The 
starch is contained in largest quantity towards the 

VOL. II. K 
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exterior ; sometimes, especially in large potatoes, the 
centre is almost transparent, £rom containing nothiig 
besides cellular tissue and water. Immediately nndrt 
the epidermis, however, is situated a thin layer or zone 
of cellular tissue devoid of starch ; the tissue imme" 
diately underneath this contains the starch in large 
quantity, and the proportion decreases gradually to* 
wards the centre (M. Payen). Hence, to obtain a 
sample representing the true composition of the tuber, 
the slices should be cut in such a manner as to con- 
tain a fair proportion of each of the layers. 

The process of preparing potatoe starch on the 
large scale, about to be described, is that followed 
in the principal establishments in France, where this 
manufacture is conducted on a more extensive scale 
than in England. I am chiefly indebted for the 
description of it to the Cours de Ghimie Organique 
of M. Payen (1842). 

In keeping potatoes in store before they are re- 
quired for use, care should be taken to preserve 
them from the influence of any agents which are 
favourable to the decay or to the germination of the 
tuber. Potatoes have been preserved for a whole 
year in an ice-house at the temperature of the freez- 
ing point of water without any sensible loss in their 
proportion of starch. It was common formerly to 
keep them in heaps in subterranean cellars, but this 
plan is not approved of now, as potatoes thus kept 
are very subject to a fermentation excited originally 
by bruises on the surface, and favoured by the 
retention of the heat thereby developed; The com- 
mon method of preserving potatoes followed at pre- 
sent is to imbed them in large shallow ditched 
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{stlos)^ dug, if possible, in a sandy soil. They 
should be situated near the starch-works, and be 
protected from the access of air by a thatched straw 
or other covering. To avoid or lessen the fermen- 
tation referred to, the ditch should be provided 
with small iapertures to serve as ventilating chimneys, 
by which the heated air and gases may escape. 
These apertures may be made by planting some dry 
chat-wood in the mass. 

The form of apparatus generally employed at pre- 
sent in the manufacture may be understood with 
the assistance of the design in the following page. 
It consists essentially of three parts ; a washing cy- 
linder for the potatoe, a rasping machine, and a sieve. 

1. An indispensable preliminary operation in the 
manufacture is the soaking of the potatoes for about 
six hours in water, the object of which is to soften 
the epidermis, and thus facilitate its removal. They 
are then transferred through the hopper a, to a 
cylindrical cage J, and washed by revolving the 
cage in a trough of water c, a jet of water flowing 
at the same time from the cistern rf, through the 
pipe e. All the earthy matter, and a great portion 
of the skin itself, are separated by the friction of the 
potatoes against each other. In one French manu- 
factory the potatoes are washed in two cylinders suc- 
cessively. 

2. The next operation consists in the reduction 
of the potatoes to a fine pulp. This is a process 
of much importance, as the quantity of the product 
of starch depends in a great measure on the amount 
of disintegration of the cellular tissue. 

K 2 
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After being washed in the cylinder, the potatoes 
ire passed through the conduit f, to the trough g^ 
from whence they are elevated to A by means of 
the endless chain t i, furnished with cups. The 
potatoes then fall into the chest containing the rasp- 
ing machine A, and passing under the circular rasp 
are rednced to a pulp, which is conducted into the 
cylinder sieve /, to be washed. A moderate stream 
of water is made to play ag^nst the surface of the 
rasp, to prevent the notches on its surface from be- 
coming clogged, and to wash the pulp into the cy- 
linder. The water is supplied from the cistern by 
one of the limbs of the tube m. 

Any kind of circular '"'S- ^s. 

rasp may be employed, 
provided it can be made 
to work rapidly. Thege- 
neral construction may 
be understood by refer- ■ 
3ncetofig.28. The rasp 
itself a is a wooden 
3ram covered on its cir- 
cumference with sheet- 
iron roughened outside 
by several prominences 
made by punching holes 
from the opposite side. 
The bottom of the hop- 
per & is concentric and 
nearly in contact with 
the rasp. The pulp falls into the chest c. The 
number of revolutions made per minute with a 
jood rasp should be nine hundred or a thousand. 
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The quicker the rasp is turned, the greater is the 
effect produced with the expenditure of the same 
amount of force. 

3. The rasping being effected, the next operation 
consists in washing the pulp on a sieve to separate 
the starch from the .cellular tissue. For this pur* 
pose the pulp is generally conducted into a cylin- 
drical sieve of metallic gauze composed of three 
pieces of unequal diameters, as represented in the 
figure. The cylinders are revolved by a winch at 
n. Fresh water enters the cylinders fix)m the cis- 
tern by the tube m, and the milky liquid which falls 
from the sieve to the bottom of the box o is con- 
ducted into the trough p; the washed pulp is received 
into the bucket r. 

4. The starch soon subsides from the liquor, and 
forms a coherent layer from which the supernatant 
liquid may be easily poured off. Notwithstanding the 
careful washing of the potatoes at the commencement 
of the process, the first deposit of starch always con- 
tains a Uttle sand, which is easily separate by afiu- 
sions of water^ and decantations. After agitating the 
impure starch with water, the sand being the heavier 
immediately subsides ; the milky liquid is transferred 
to another vessel, where the starch is deposited al- 
most wholly freed from sand. After having been 
again washed to remove a light albuminous matter 
which lies over the deposit of starch, it is placed to 
drain on cloths in small trays, the bottoms of which 
are pierced with holes; and when the greater part 
of the water is drained off, the trays are placed on 
a floor composed of pieces of well-dried plaster. This 
material having a great avidity for water, rapidly 



PREPARATION OF STARCH FROM THE POTATOE. 135 

absorbs it from the starch, so that the latter in a 
few minutes becomes quite firm, friable, and hardly 
feels moist. The starch is sometimes sent to market 
without any farther drying, being sold in that state 
under the name of "green fecula." It generally 
contains about 38 per cent, of water, and is used 
in the preparation of dextrin and starch syrup, and 
for other purposes. 

5. To obtain the starch in a dry state, after 
having remained for twenty-four hours on the floor 
of plaster, it is cut up into blocks or broken into 
small lumps and placed on shelves in a well- ventilated 
drying-house. The masses are turned over occa- 
sionally to accelerate and equalize the desiccation, 
and when they begin to crack are transferred to a 
hot stove, where the drying is completed. A cur- 
rent of hot air enters the stove at top, and passes 
out at bottom. The starch is heated to a tempera- 
ture between 131° and 136° Fahr. (55' and 58° 
Cent.). It is occasionally stirred with a wooden 
spatula to expose fresh surfaces and to prevent the 
formation of smaU hard lumps, and when sufficiently 
dry is passed through a silken sieve. The matters 
which remain on the sieve are ground under a roUer, 
and again sifted to avoid any loss of starch.* 

The dry potatoe starch met with in commerce is 
far from being entirely free from moisture. The 
quantity of water in it varies according to the tem- 
perature and the humidity of the air, but generally 
amounts to one-fifth of the weight of the starch. 
According to M. Payen, potatoe starch absorbs wat^r 

* Payen, Cours de Chimie Organique, t. i. p. 117. 
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from SI atmoipfaere pofeedj s aluraiet inA 
torc^ iQitO it has aeqniied 23 per oeDt. itifr 
more h jgrometric iban otli^ kbids of stecei^. 
hence not so weH adapted for atrffening Imeo^ &r. 

Potatoe starch is often, adulterated, witk 
chalk, and argiDaceoiia sabstanceft. Sep 
firom either of these sources may be easLy 
by burning a small qoantity of the snapeetei ataatdk, ^ 
and incino^Udng liie adu Unadnlteanted stmA 
leaves the merest trace of eardty matter. 

The starch of potatoe!^ like all odiesr Vmk d 
starch, is unfit alone for IJie preparatiiHi of partij; 
bat a small proportion, of. potatoes or of potatoe 
starch, added to wheat»i fiour, is eonfidered by aoae 
to improve the quality of bread. If Idle pgu p wti Mi 
of potatoe starch exceeds one^-fifUi of tike we^|^ tf 
the flour, a peculiar flavour is communicsted to tiie 
thread, arising from a minute quantity of ma oBj 
matter contained in several amylaceous prineipleBy 
which is supposed by M, Payen to be identical widi 
the oil of polaloe spirit c^ fousel oiL Tliis sab- 
stance was discovered by Schede in Inrandy obteined 
by distiDing fermented potatoes^ and has btdy been 
made the subject of investigatioii by several diemists. 
It is a colourless oily liquid possessing a very power- 
ful odour, at first rather agreeable, but immediatdy 
afterwards nauseous in the highest d^ree. This 
substance is generally believed to be a prodock €i 
the fermentation of the potatoe, and not to pre-exist 
in the tuba*, as supposed by M. Payen. It has been 
lately observed that the last syrup obtained in the 
manufacture of beet-root sugar, produces, when fer- 
mented and distilled^ a considerable quantity of 
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fousel oil. If such be the case, its formation during 
the process of fermentation hardly admits of doubt. 
If potatoe starch is washed first with tasteless al- 
cohol, and afterwards with cold water, it may be 
entirely deprived of its peculiar flavour, and loses in 
weight at the same time about one part in two 
thousand. 

The principal uses of potatoe starch, besides those 
referred to at page 124, are in the preparation of 
grape or starch sugar, and British gum or dextrin 
for the use of the calico-printer, to both of which ap- 
plications we shall again have occasion to advert. 
It is also at present employed to a considerable 
extent as a substitute for glue in the preparation 
of size for paper, being usually mixed for that pur- 
pose with a small quantity of a solution of resin 
with carbonate of soda in water. This application 
of starch may be easily detected by moistening the 
paper with an aqueous solution of iodine, when the 
blue iodide of starch will be formed if any starch 
is present (page 108), A variety of tapioca is 
prepared from potatoe starch by heating the moist- 
ened fecula on a copper-plate to near the tempera- 
ture of the boiling point of water. Some of the 
granules of starch then burst, agglomerate, and form 
small, hard, and irregular grains, which closely re- 
semble the true tapioca. It is said that potatoe 
starch prepared in October or November is more 
easUy digested than that made in the spring. 

The bye-products of the potatoe starch manufac- 
ture are not without their applications. Thus, the 
water from which the starch is deposited (starch- 
water) is well adapted for irrigation ; it contains 
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the debris of the pulp, and holds in solution six 
parts in a thousand of azotized matter. It was 
formerly an inconvenience to the manufacturer, as 
it contains a poisonous substance, and produces an 
evolution of sulphuretted hydrogen gas if kept a 
short time, from the decomposition of sulphates by 
the organic matter. The marc of the pulp which 
remains after the extraction of the starch is made 
use of in various ways as food for cows and sheep. 
It must first be deprived of about half its weight of 
water by expression, for, if simply drained, it re- 
tains too much water to be advantageously eaten 
by cattle in large quantities.* 

A few years ago potatoe starch was employed to 
a pretty large extent to adulterate wheat starch, 
and the price of the former was then so low that a 
profit of twenty-five per cent, was realized by the 
sophistication* But since the numerous applications 
of potatoe starch have increased the value of this 
substance, the sophistication has not, I believe, been 
practised. The presence of potatoe starch in wheat 
starch is very easy of detection by the microscope, 

* As an application of the great quantity of pulp produced in ex- 
tensive works may not be always at command, it is important to the 
manufacturer to have the means of securing its preservation. To that 
end, some add a small quantity of common salt, then bury the mixture 
in heaps and cover it with a straw thatch ; but such a mass is very sub- 
ject to fermentation, which rapidly renders the whole useless. A more 
cfFectual method is to dry the pulp thoroughly by exposing it to e 
moderate temperature. It may then be preserved in granaries for a 
twelvemonth or more, and merely requires moistening with a little 
water to be fit for consumption by cattle with avidity. In seasons 
when fresh alimentary vegetables are abundant, the pulp may be em- 
ployed as manure, especially as it then contains a small quantity 
of solanine (page 126), and cannot therefore be given to cattle with 
impunity. 
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although the proportion of the former does not ex- 
ceed two per cent. Potatoe starch is sold in the 
shops as " English arrow-root," 



§ V. ARROW-ROOT ; SAGO ; TAPIOCA ; SALEP ; TOUS LES 
MOIS; AND INDIAN-CORN STARCH. 

Arrow-root. — Such is the inappropriate designa- 
tion of a very piire starch, derived chiefly from the 
tubers of the maranta arundinacea* (a native of 
South America and Jamaica), and in part from the 
maranta indica. The mashed root of the former 
plant is applied by the native Indians to wounds 
from poisoned arrows; hence the EngUsh designation 
of its fecula. 

To prepare arrow-root, the tubers are dug when 
a year old, well washed, and beaten to a thin pulp 
in deep wooden mortars. The pulp is washed m 
dean water, and the fibrous matter of the root is 
wrung out by the hands and thrown away. The 
milky Kquor Itaining the starch is passed through 
a coarse cloth and allowed to deposit its fecula. The 
water is drawn oflf, and the starch washed by re- 

* The composition of the root of the maranta arundinacea has been 
examined by M. Bonzon. He found the fresh root to contain : 

Starch 26*00 

Vegetable albmnen 1'58 

Gummy extract '60 

Volatile oil '07 

Chloride of calcium '26 

Fibrin 600 

Water 66*50 

100-00 
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peated affusions of water and decantations until it 
is quite clean, when it is laid out before the son 
to dry.* 

Arrow-root, when dissolved in an appropriate ve- 
hicle, is considered to be more digestible than the 
starch of wheat or potatoes. It is exported from 
most of the West India Islands in tin cases and 
in barrels and boxes. The most esteemed is that 
brought from Bermuda. The adulteration of arrow- 
root with potatoe starch may be detected by the 
microscope.f 

A variety of starch obtained from the tubers of 
the narrow-leaved turmeric ( Curcuma angtistifoliay 
Roxburgh) is imported into this country from Cal- 
culta, Fara, Maranham, and Sierra Leone, under 
the name of East Indian arrow-root. Two kinds 
are met with in commerce, the white and the pak 
buff-coloured. The first is a fine white powder, 
readily distinguishable, both by the eye and touch, 
from West Indian arrow-root. In appearance it 
somewhat resembles a finely powdered salt (as bi- 
carbonate of soda or Rochelle salt). The pale 
buff'-coloured East Indian arrow-root is in the form 
of powder or pulverulent masses, mixed with husks, 
woody fibre, and other impurities. Both kinds pre- 
sent the same appearance under the microscope. 

The fecula known as Brazilian arrow-root is 
obtained from the tuberous root of the Jdtropha 
manihot; and the " Portland arrow-root " is derived 
from the arum maculatum. 

* London Medical Journal, vol. viii. Wright, 
t The particular microscopic characters of these and other kinds of 
starch will be found at pages 144, 145. 
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Sago. — This is a variety of starch derived from 
the pith or medulla of true palms of the genus Sagus, 
especially Hie Sagus Jarinifera. In the Moluccas^ 
sago is procured in the following manner (Pereira's 
Materia Medica). When the tree is sufficiently ma- 
ture, it is cut down near the roots, and the trunk 
is subdivided into portions of six or seven feet in 
length, each of which is split into two parts. The 
medullary matter is extracted, reduced to powder, 
and mixed with water. The mixture is strained on 
a sieve, and the milky percolated liquor is allowed 
to stand to deposit the starch, which is fit for use 
after two or three edulcorations. This is " sago-meal " 
or "pulverulent sago," which scarcely ever reaches 
this Country. It is a fine white powder much re- 
sembling arrow-root. 

To make the " common" or " brown sago," the 
finest meal is mixed with water, and the paste is 
rubbed. into the small grains, in which state it is 
met with in commerce. When examined by the 
microscope, the granules are found to be perfect. 
"Pearl sago" is probably made by drying a paste 
of sago-meal over a fire with agitation. The grains 
of pearl sago are smaller than those of common sago, 
and the granules of the former are found to be rup- 
tured when examined by the microscope. They 
hence swell up when digested in cold water, and a 
small portion dissolves. The filtered liquid gives a 
blue colour with iodine, but a cold filtered infusion 
of brown sago or pulverulent sago undergoes no 
change on the addition of a solution of iodine. 

The sago-palm contains the largest quantity of 
starch just before the evolution of the flower-bud. 
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A single tree often affords five or six hundred pounds 
of sago. 

Cassava and Tapioca. — Cassava is a variety of 
starch imported into this country from South Ame- 
rica, the West Indies, and some parts of the coast 
of Africa. It is derived from the tuberous roots of 
the Jatropha manihot or manioc^ a native of 
Brazil. The peeled roots are reduced to a pulp, and 
expressed in canvas bags to separate most of its 
poisonous juice.** The squeezed mass is dried at a 
moderate heat, by which its poisonous principle (hy- 
drocyanic acid, according to M. Henry) is entirely 
expelled, and the mass concretes into hard lumps. 
These, when reduced to a pulverulent state, consti- 
tute " cassava powder" {farine de manioc)^ and 
when baked into cakes on earthen or iron plates, 
form cassava bread, which is one of the most im- 
portant articles of the negroes' food. 

The expressed juice of the tubers of the Jatropha 
manihot gradually deposits a quantity of fecula, 
which may be easily obtained pure by repeated wash- 
ings. When dried in the air without heat, it is 
termed moussache or cipipa^ and has been lately 
imported into Europe and sold under the name of 
Brazilian arrow-root. The granules of moussache 
are much smaller and more spherical than those of 
arrow-root. When the fecula is dried on hot plates 
with agitation, it agglomerates into little granular 
masses, and then constitutes tapioca j which is one 
of the purest forms of starch met with in commerce. 

* The expressed juice is employed by the Indians to poison their 
arrows ; when distilled, it affords a considerable quantity of hydrocyanic 
acid. 
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It is slightly soluble in cold water, and the solution 
strikes a blue colour with iodine, which shews the 
rupture of some of the starch granules in the prepa- 
ration of this substance. But most of the granules 
remain uninjured, and when examined by the mi- 
croscope are found to be spherical, of nearly equal 
volume, and smaller than those of arrow-root or the 
average of wheat starch. 

Salep or Saloup. — This amylaceous substance is 
the dried and prepared tuberous roots of several plants 
of the orchis tribe, formerly imported to a consider- 
able extent from Persia and Asia Minor, but which 
has now almost ceased to be an article of commerce 
in this country. It is met with in small oval grains 
of a whitish-yellow colour, composed almost entirely 
of starch. A very good salep may be procured from 
the orchis mascula^ orchis latifolia^ and other plants 
of this order, which grow wild in Britain. The 
tubers should be washed with fresh warm water, 
scraped, and boiled in water for a quarter of an hour 
or twenty minutes (or until they begin to aflford a 
mucilage), and then dried either by exposure to the 
sun or in a drying stove. The salep thus obtained 
is said to be equal to that from Turkey. 

Tons les mois. — A starch, known by this name, 
has been imported from the West Indies, particularly 
from the Island of St. Kitt's, within the last few 
years, said to be prepared by a tedious process from 
the root of the canna coccinea^ which is .a species 
of fir-tree. The granules of this starch are very 
large, even larger than those of potatoe starch, with 
which they agree in form. It is a very pure sub- 
stance, and having no unpleasant flavour has been 
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recommended as forming an agreeable article of food 
for the invalid. 

Indian com starch. — A recent patent for some 
improvements in the manufacture of starch, obtained 
by Mr. Colman, includes an application of the pro- 
cess of Mr. Jones for preparing starch from rice, &c., 
to its preparation from maize or Indian com. The 
proportions of the materials employed are a pound 
of starch to a gallon of alkaline solution, containing 
two hundred grains of caustic potash or caustic soda. 
Carbonate of soda or of potash is sometimes substituted 
for the caustic alkali. This process closely resem- 
bles in its details that of Mr. Jones. A process is 
also described by Mr. Colman for procuring starch 
from Indian corn by fermentation, which requires 
about fifteen days for its completion.* 

'*' As the only satisfactory method of distinguishing between the 
different varieties of starch is by subjecting them to an examination by 
the microscope, the following account of the microscopic characters of 
the starches afforded by several different plants may prove useful. 

Starch from potatoes, — With the exception of tons les mois, the 
granules of potatoe starch are larger than those of any other ^ind. 
Their form is rather varied, but commonly as shewn in fig. 20, page 
101. The elliptical rings are unusually distinct in potatoe starch. The 
common size of the granules is from iio to ^^ of an inch in diameter. 
The cross and supplementary colours by polarized light are very dis- 
tinct. 

Sago, — The granules of sago-meal or pulverulent sago are somewhat 
rounder than those of most other kinds of starch. Their size is pretty 
uniform, and about the ^ of an inch in diameter. Most of the granules 
of pearl sago are ruptured, but those of brown sago are perfect. The 
cross by polarized light is very distinct. 

Starch of oats. — That which appears to be a laige granule of oat 
starch when examined by a power of one hundred diameters, proves 
with a higher power to be a glutinous cell, to which small granules of 
starch are attached, the diameter of which is about ^ of an inch. 

Starch of the kidney bean. — The granules are ovoid and have a 
point on one side. The diameter of the largest is about ^ of an inch. 
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§ VI. DEXTRIN AND STARCH SUGAR. 

By the action of dilute acids at a moderate tem- 
perature, and also of a particular azotised substance 
contained in germinated seeds, starch becomes con- 
verted into a fermentable sugar, resembling, but not 
identical with, cane sugar. 

The discovery of this eflfect of dilute acids was 
made by M. Kirchoff, a chemist of Petersburgh, at 
the time of the exclusion, by Napoleon, of colonial 
produce from Eussia, during the enforcement of the 
Continental System. Kirchoff was rewarded by the 
Emperor of Russia with an annuity of a thousand 
roubles. The discovery soon attracted considerable 
attention in a commercial point of view; many im- 

Wheat starch, — The granules rarely exceed ^ of an inch in diameter : 
they are spherical, and when prepared from flour, are often accompanied 
by the teguments of broken granules. Wheat starch does not exhibit 
the cross by polarized light as distinctly as most other starches. 

Inarch of barley. — The granules are about the same size as those of 
wheat starch, and almost circular. The cross by polarized light is not 
very distinct. 

Starch of rye. — The largest granules of this starch have a diameter 
of ^ of an inch. They are flattened, and generally marked on one of 
their fiuses by a small black cross or by three black rays proceeding from 
the hilum of the granule (Raspail). 

Starch from the bean, — The usual size of the granules is ^ of an inch 
in diameter. They are ovoid or reniform. 

Starch from green peas. — The granules have the same form as those of 
potatoe starchy ^nd a diameter of about g^g of an inch (Raspail). 

Arrow-root. — The granules of arrow-root are not so spherical as most 
other starches, being generally flattened at one end. The spherical lines 
are not so well defined as in tons les mois and jotatoe starch, but the 
cross by polarized light is very distinct. The 4i&nieter ^f the largest 
globules is about J^ of an inch. 

Starch of the horse-chestnut, — The form of the grauules is very irre- 
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provements in the details of the original process 
were introduced ; and the preparation of starch sugar 
soon became, on the Continent, a profitable and 
important manufacture. 

The acid generally employed in this process is 
the sulphuric, as being the cheapest ; but oxalic acid 
seems to be preferable. The following is a brief 
outline of the process as conducted in the IVench 
establishments. 

In the first place, a mixture of ten kilogmmmes 
of oil of vitriol, specific gravity 1*848, and twenty 
kilogrammes of water is added to a thouisand kilo- 
grammes of water at the boiling temperature in a 
leaden boiler. The liquid being again heated te 
ebullition, one workman gives it a circular move- 
ment with a stirrer, while another adds four bundled 
kilogrammes of starch, by very small quantities at 
a time, so that the ebullition is not allowed to cease, 
nor anything like a jelly to be formed. In this way 
each portion of the starch is converted into ^ivtgsa 

gular. Their longest diameter is about j^ of an inch, but varies con- 
siderably according to the size and age of the nut. 

Starch of the tapioca plant or tapioca meal. — The granules are sphe- 
rical, equal in size, and about ^ of an inch in diameter. The hilufn is 
very distinct, as well as the cross and colours, by polarized light. 

Russian semolina. — A few of the granules are ruptured. iThe perfect 
granules are spherical, and about ^ of an inch in diametei'. l*he cross 
by polarized light is not shewn distinctly by this variety of starch. 

Indian com starch. — The granules are almost perfectly spherical, and 
the diameter of the largest does not exceed gfo of an inch. The cross 
with polarized light is very clear. 

Starch of the orchis tribe. — Before the root is converted into salep 
by ebullition, the granules appear perfectly spherical, and the diameter 
of the largest is no more than 5^ of an inch (Raspail). 

Starch of the millet. — The granules of this starch are the smallest 
Raspail has observed, being only ^^ of an inch in diameter. 
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almo^ immediately on its introduction. The ebul- 
lition is continued for eight or ten minutes after the 
last addition of starch : the solution should then be 
quite fluid and almost transparent. 

The source of heat being withdrawn from the 
boiler, the acid is neutralized by chalk, which ii 
added in slight excess; the sulphate of lime thus 
fiwined is allowed to deposit, and the supernatant 
soluti<m is transferred by a siphon-tube to a filter 
of animal charcoal supported on a lineu cloth. The 
animal charcoal serves to withdraw a consider- 
able portion of the colouring matter in the solu- 
tion. 

If the sugar is required in the state of syrup, 
the filtered liquid is evaporated until of the specific 
gravity 1*261 (30° Baume); but if the sugar is 
wanted in the sc^d state, the evaporation is carried 
to 1-333 (36° Baume), or even to a greater density. 
On standing for a day or two the syrup deposits 
^-aamlar crystals, which are removed from the liquid, 
draiBed, und dried in a stove. The syrup itself is 
an artide of commerce in France, being employed 
to mix with various saccharine liquors which are 
4o be fermented. It is only within the last three 
or four years that the manufacture of starch sugar 
has been carried tm in this country, and is now 
^Bctised chiefly with a view of adulterating cane 
•angar. 

The action of the sulphuric acid in this process is 
in¥>Qlved in mudi obscurity. The acid undergoes 
-no diminution in quantity, there is neither ab60i3>tion 
Bor dkengag^nent of gas, and the weight of the 
product of sugar exceeds the weight of the atarcl^ 

l2 
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employed. The only change undergone by the starch 
is the assimilation of a certain amount of water : the 
formula of crystallized starch sugar is Cj, Hj^ Ou, 
and when dried at 212'', Ci, H„ Oi,: now the latter 
formula differs from that of starch only in containing 
two equivalents more of water, or at least of hydro- 
gen and oxygen in the same proportions as in water. 
By calculation, one hundred parts of pure starch 
should afford one hundred and twenty-two parts of 
crystallized sugar ; but so large a quantity is rarely, 
if ever, procured on the large scale. According to 
the observations of M. Fremy, a variable quantity 
of mannite (the saccharine principle of manna) is 
always formed in the transformation of starch into 
sugar. 

Starch sugar is the sweet principle of grapes, and 
is hence commonly called grape sugar. It is also 
contained in figs, in almost all acid fruits, in honey, 
and in diabetic urine. By the action of dilute acids, 
several substances besides starch may be converted 
into starch sugar; among which are cane sugar, 
woody fibre, and sugar of milk. Starch sugar does 
not crystallize so well as cane sugar, and two parts 
and a half are required to produce the same sweeten- 
ing effect as one part of cane sugar. From an al- 
coholic solution it may be crystallized in square 
tables and cubes. It is not so soluble as cane 
sugar in cold water, but dissolves in all propor- 
tions in boiling water. 

As starch sugar is so much less sweet than cane 
sugar, it is important to have the means of detect- 
ing the sophistication of the latter by the former ; 
a fraud which has been lately practised in this 
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country to a shameful extent. An excellent test 
to discriminate between the two sugars is a solution 
of sulphate of copper. K a saturated solution of 
that salt is added, drop by drop, to a solution of 
starch sugar mixed with a little caustic potash, a 
dark blue liquid is produced; which, in the course 
of a few minutes, aflfords a yellowish-brown pre- 
cipitate of hydrated suboxide of copper, even when 
cold. But if the blue liquid is heated in a test- 
tube, flask, or other convenient vessel, decomposition 
takes place immediately, even before the mixture 
reaches the boiling point ; the whole of the copper is 
precipitated, and the supernatant liquor remains co- 
lourless. According to M. Trommer, the discoverer 
of this excellent test, a solution containing no more 
than a hundred-thousandth part of starch sugar 
affords a sensible yellowish-red precipitate. 

When a solution of sulphate of copper is added 
by drops to an. alkaline solution of cane sugar, a 
dark blue liquor is likewise produced; but if the 
caustic alkali is in excess, no suboxide of copper is 
precipitated in the cold, nor even on boiling the 
solution for a short time. If the suspected sugar, 
therefore, when examined by this test, is found to 
afford a sensible precipitate of suboxide in the cold 
after standing for a few minutes, or immediately 
on the application of heat, there is abundant evi- 
dence to conclude that sophistication has been prac- 
tised. 

The conversion of starch into sugar does not take 
place immediately. An intermediate substance is 
formed, of the nature of gum or mucilage, which ha& 
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received the name of dextrin or mucilaginous starch. 
When pure, this substance is white, inodorous, taste- 
less, and largely soluble in water both hot and c^ld. 
The solution is mucilaginous, and not gelatinous, and 
closely resembles a gum. 

The name of dextrin was applied to this substance 
by M. Biot, from the effect of its solution upon a 
ray of polarized light. It causes the plane of po- 
larization to deviate to the right; in which respect 
it differs from common gum, which causes a devia- 
tion of the ray in the opposite direction. Dextrin 
itself is not fermentable by yeast ; but by the action 
of acids and the azotised substance in germinated 
grains called diastase^ it is readily convertible into 
starch sugar which is fermentable. 

In France, dextrin forms an important article of 
commerce ; it being susceptible of nearly all the ap- 
plications of gum arable, while it may be obtained 
at one-half the price of the latter. In this coun- 
try it is also consumed in considerable quantities, 
chiefly in calico print-works, as a thickening ma- 
terial for colours, and is sold under the name of 
British gum. 

For commercial purposes, dextrin may be pre- 
pared by the action of germinated barley or malt on 
starch. From 350 to 400 parts of water are heated 
to between 77° and 86° Fahr. ; from 5 to 10 parts 
of dry malt are then added, and the heat is in- 
creased to 140°. At that temperature 100 parts 
of starch are added, the mixture is well agitated, 
and its temperature maintained between 150° and 
167° Fahr., for twenty minutes. From being viscid 
and milky, it becomes almost as fluid as wat^, the 
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starch having undergone an obvious chemical change 
]by the action of the malt. To prevent the further 
action of the diastase of the malt, which would con- 
sist in the conversion of the dextrin into sugar, the 
liquid is heated rapidly to its boiling point, then 
cooled, filtered, and evaporated to the consistence 
of a thick syrup. By cooling, it becomes an opaque 
gelatinous mass, which, when dried, is hard and 
brittle. The substance thus prepared is used on the 
Contiiient in calico-printing as a thickening mar 
terial. 

Starch is capable of being converted into dextrin 
by the action of heat alone, ia which manner British 
gum is prepared for the use of calico-printers. For 
this purpose, starch is placed in oblong trays of 
sheet-iron, and heated to the temperature of 300° 
Fahr. in a cast-iron ovqn, capable of holding four of 
the trays. The granules of starch thereby become 
ruptured, and agglomerate into irregular, translu- 
cent, yellowish-brown lumps, which are merely ground 
into fine flour between millstones before being sent 
to market. It has been proposed to apply to starch 
a temperature of 390° Fahr. by means of an oil- 
bath, Xhe conversion of the starch into dextrin 
or British gum is generally assisted, however, by 
the addition of a minute quantity of nitric acid ; 
but tljis is by no means essential.* 

As might have been anticipated from the pre- 
ceding statement, a portion of the starch of flour 

♦ Several different kinds of roasted or calcined starch are employed 
by calico-printers. Though these are the same substance, chemically 
speaking, if the torrefaction is properly condtUJted, yet slight differences 
may be detected in their mechanical state, which are of great im- 
portance in the application they receive in calico-printing. 
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is always converted into dextrin during the process 
of panification. From wheaten bread, M. Vogel ob- 
tained eighteen per cent, of dextrin. 

The solution of dextrin was supposed to give no 
particular indication with iodine ; but M. Jacquelain 
has observed that it gives either, a purple colour 
(not a blue colour like starch), or no colour at all, 
according to the circumstances of its preparation. 
When first formed from starch by the action of an 
acid, it strikes a purple colour with iodine ; but not 
after boiling for a short time, though not yet con- 
verted into sugar. It would hence appear that two 
varieties of dextrin exist; the one colourable by 
iodine, the other not colourable. The composition 
of dextrin was found by M. Payen to be identical 
with that of starch dried at 212''; that is, Cu Hi, 0,o. 
A single equivalent of water may be displaced by 
several metallic oxides, so that the composition of 
anhydrous dextrin is probably C,2 Hg Og. To ob- 
tain dextrin in a state of purity, a strong aqueous 
solution, obtained either by diastase or by sulphuric 
acid, is mixed with alcohol, when dextrin, which is 
insoluble in alcohol, is precipitated as a white glu- 
tinous substance, which becomes pulverulent by be- 
ing washed with alcohol. 

In the ordinary process of malting barley, in the 
kiln-drying, and in the mashing or infusing of the 
malt, starch is converted into sugar by the action 
of diastase. This remarkable substance was ob- 
served by Payen and Persoz in germinated grains, 
and in the tubers of the potatoe near the places froni 
whence the sprouts proceed. To prepare it, germi- 
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nated barley is moistened with half its weight of 
cold water, and the mixture is submitted to pressure. 
The viscid liquid which is thus obtained is filtered, 
and heated to 168° (but not higher), in order to 
coagulate an albuminous matter existing in the so- 
lution, and after a second filtration is mixed with 
a quantity of alcohol. Diastase is thereupon pre- 
cipitated as a white powder, soluble in water, 
but insoluble in alcohol; it may be purified by re- 
peated solution in water, and precipitation by al- 
cohol. 

Diastase contains nitrogen, and is probably closely 
related to gluten, but its composition in a state of 
purity is unknown. 

The principal object in the malting of barley, or 
allowing it to germinate, is the production of dias- 
tase. The process consists essentially of three suc- 
cessive operations : 1, the steeping the grain in water; 
2, the couching, sweating, and flooring ; and 3, the 
kiln-drying. The steep generally lasts from forty 
to fifty hours, according to the nature of the grain 
and the season of the year. SuflScient water should 
be present to cover the grain about five inches. The 
object of this operation is to prepare the seed for 
germination by expanding the fecula with moisture : 
it is known to be completed if the grain, when 
pressed between the thumb and fingers, sheds abroad 
its flour ; if it remains entire in the husk, the steep 
must be prolonged. The grain is next laid in small 
heaps on a stone floor, and allowed to remain for 
some days. It presently becomes warm, and gives off* 
moisture ; the fibrillae of the radicle soon appear, and 
at length the plumula, called the acrospire by the 
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ouUtsten, q>roats forth. The grain then becomes 
lighter oJoored and more friaUe ; the greater put 
of the gloten and a portion of the starch disappesTi 
the latter haying passed into the state of sugar; sad 
the grain now contains a small qnantitj of diastase 
derived from the transformation of acme of the ^u- 
ten. When the germination is ocmsidered to be so^ 
ficientlj advanced, its fiurther pn^gress is prevm^ 
by the application of artificial heat in the prooev 
called the kiln-drjring. A layer of malt of thxep 
or four inches thick is spread on a perforated floor, 
either of tile or cast-iron, which is heated by a 
stove underneath, so that hot air passes np through 
the floor and malt. The temperature of the malt 
should at first be between 90'' and 100'' Fahr. ; but 
when nearly dry it is raised to between ISO"* and 
160^ and maintained at that heat until the requisite 
shade of colour is obtained. * Malt is distributed into 
three sorts, according to the temperature at which 
it has been dried, pale, yellow, and brown ; the pale 
malt has been exposed to the lowest degree of heat 
In the operation of loin-drying the principal object 
is to expel the moisture of the germinated seeds, 
and to put a stop to the germination ; but it serves 
also to convert into dextrin a portion of the staroli 
which remained unchanged into sugar, in the same 
manner as starch is converted into British gum l^ 
torrefaction. A small additional quantity of sugar 
is also formed during kiln-drying through the ac- 
tion of the diastase on the starch. In pale n^alt, 
however, these changes hardly happen; and hence, 
when e;xamined by the microscope, most of the starch 
granules will be found unaltered. 
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The amount of diastase in malted barley scarcely 
exceeds one part in five hundred ; but it is by the 
action of this small portion that the starch or the 
dextrin of the malt is converted into sugar in the 
first stage of brewing, that is, the mashing, prepa- 
ratory to the fermentation. A solution of diastase 
has no remarkable influence on most vegetable prin- 
ciples; but on starch it seems to exert a specific 
action, converting it, as already remarked, first into 
dextrii, and afterwlrds into starch sugai. Liebig 
considers this property of diastase to depend on its 
undergoing spontaneous decomposition in contact with 
the starch, whereby the equilibrium of the molecules 
of the latter is disturbed through some process of 
induction, a new arrangement of the molecules taking 
place. The conversion of sugar into alcohol and 
carbonic acid by the vinous fermentation is referred 
to a similar cause, the decomposing substance in 
contact with the sugar being gluten or yeast. The 
change of starch into sugar, or rather, principally 
into dextrin, by the action of diastase, takes place 
on gelatinous starch even at the freezing point of 
water; but the conversion into sugar takes place 
most powerfully between 150° and 160° Fahr. : at 
the boiling point, diastase ceases to exert any in- 
fluence on starch. So energetic is the action of 
diastase at the proper temperature, that one part in 
a state * of active decomposition is said to be suffi- 
cient to saccharify two thousand parts of dry starch ; 
but the larger the proportion of diastase, the quicker 
is the change. 

It appears from the researches of Payen and Per- 
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soz, that starch may be converted by diastase, either 
into dextrin or sugar, according to the tempera- 
ture of the mixture and the duration of the pro- 
cess. In a mixture of from six to ten parts of 
pale malt, one hundred of starch and four hun- 
dred of water, the starch is jconverted principally 
into dextrin at a temperature of 168° Fahr., con- 
tinned for twenty minutes or half an hour; at a 
temperature of 167% maintained for two or threa 
houi's, the starch is almost wholly converted into 
sugar. 

In the common process of brewing, the mashing 
of the malt is commenced at a temperature of ISO*" 
Fahr. in summer, and at 167° in winter, and hot 
water is afterwards added in such a manner as 
to preserve a mean temperature of about 150° Fahr. 
At that temperature the conversion of the remain- 
ing starch into sugar is generally completed in an 
hour and a half, but the time depends on the quality 
of the malt. The liquor thus obtained, called the 
" wort," is then withdrawn, and another quan- 
tity of hot water added to the drained malt. The 
temperature of the second mashing should be be- 
tween 167° and 174°. After the second infusion 
has been drawn off, the drained malt is frequently 
mixed with a third quantity of hot water, the wort 
thus procured being either added to that before ob- 
tained or else applied to fresh malt instead of water. 
Not being perfectly exhausted by the third mashing, 
the malt is sometimes mixed (after being again 
drained) with a fresh quantity of hot water, but 
this is not a common practice, as the residue of 
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)SbR grains becomes thereby so impoverished as to 
be of Tery Htde value as food for cattle. The pro- 
portion of solid matter in solution in the third wort 
fe generally about half as much as that in the second 
wort, and that in the second about half as much as 
Hhat in the third. The quantity of water applied 
Bt each time is, of course, greatly varied according 
to the strength to be given to the beer. To make 
beer of middling quality, one quarter of malt requires 
lo be mixed, at different times, with from one hun- 
dred and sixty to one hundred and eighty gallons 
of water, at 19 b"" or 200^ The product of beer 
amounts to about two-thirds of this quantity. As 
soon as the wort is withdrawn from the grains, it 
is pumped into a copper to be boiled and hopped, 
and when cooled is mixed with yeast in order to 
excite the vinous fermentation of the sugar, that 
is, its resolution into alcohol and carbonic acid, 
but these parts of the process of brewing do not 
come under the subject of the present article. 

It has been usual to consider as varieties of starch, 
two substances which have not yet been adverted 
to ; namely, inulin^ derived from the inula helenium, 
the dahlia, and some other plants; and lichenin or 
lichen starchy obtained from Iceland moss and other 
lichens. But both of these substances want the es- 
sential character of a true starch, that is, the ready 
production of a blue colour with iodine, as well as 
many other chemical and physical properties possessed 
by all the varieties of ordinary starch. Their com- 
position, moreover, differs from that of starch. In- 



158 STARCH. 

ulin, by mj analysis, is composed of 0^ H^ On, vad 

lichenin, by the analysis of Guerin Varry, rf Gt# 
H,i Oio- 

To the physiologist starch is a highly interestuig 
substance as an important element of food, not only 
of animals, but also, in one sense, of vegetables. 
" Its ready convertibility," observes M. Lieb^ 
^^ without change of composition, into soluble fiMtoB, 
such as dextrin and sugar, adapts it admiraUy for 
carrying on tiiose changes which occur in the juices 
of vegetables. It is stored up in the seeds, roots, 
and pith of plants, and by its decomposition fur- 
nishes the materials for many of the most essential 
vegetable products. It also serves as a most im- 
portant element of the food of animals, furnishing 
not indeed the means of increase of mass, but tike 
materials for keeping up respiration and supplying 
the animal heat. The fats and fixed oils of the ve- 
getable as wdl as the animal kingdom are in aU 
probability derived principally from the deoxidation 
of starch." 

Formerly, starch was subject to a duty of three- 
pence farthing per pound, and its manufacture 
was consequently placed under the surveillance <rf 
the excise. Before being put into a stove to be 
dried, each paper of starch was sealed or stamped 
by the attendant oflioer, and the infringement of 
this regulation was attended with the infliction of a 
peaialty on the manufacturer of one hundred ^pounds. 
The penalty for knowiiigly selling any kind of starch 
with a forged or counterfeit stamp, &c., was five 
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ndred pounds (Bum's Justice of the Peace, tit. 
irch). 

The oppressive duty on starch, however, was 
[>lished ten years since, in consequence of the 
jommendation of the Commissioners of Excise In- 
iry. In the year ending 5th January, 1833, 
3 nett produce of this duty amounted to a little 
Kre than eighty-five thousand pounds ; the quantity 
starch on which duty was levied being just eight 
llion pounds. 



161 



TANNING. 

§ I. On the properties of Tannic Acid and the astringent Vegetable 
Matters employed in Tanning. — II. Preparation of Hides and Skins 
for Tanning. — III. Modes of applying Tannic Acid to prepared Hides 
and Skins. — IV. Preparation of light and fancy Leathers. 

The conversion of the skins of animals into leather, 
which is the object of the process of tanning, con- 
sists in the production of a chemical combination 
of the skin with the astringent vegetable principle 
called tannin or tannic acid. If simply dried with- 
out being exposed to tannin or any substance which 
has the power of effecting a change in the nature 
of the skin, corresponding to that produced by tan- 
nin, the skin readily allows the percolation of water 
through its pores, is unable to resist continued fric- 
tion without considerable abrasion, and speedily en- 
ters into a state of putrefaction if afterwards mois- 
tened. But each of these inconveniences may be sur- 
mounted by taking advantage of the property which 
skin possesses in common with some other animal 
tissues of forming a true chemical combination with 
tannin. If a piece of prepared skin* is placed in an 
aqueous solution of pure tannin, or in an infusion of 
some astringent vegetable substance containing tan- 
nin, as oak-bark or gall-nuts, and allowed to remain 
there for a short time, it separates the whole of the 

* ^n which has heen cleaned, soaked in lime-water, and freed from 
its extraneous appendages. 

VOL. II. M 
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tannin from the liquid, and becomes hard, insoluble 
in water, almost impenetrable to water, and incapable 
of putrefying. By such a simple process as this, skin 
is converted into leather, but subsequent operations 
of dressing or currying are necessary to bring the 
leather into that state of pliability and xjomplete im- 
permeability to water which are essential in many 
of its applications. Similar, but less decided, changes 
may be produced in skins by impregnating them 
with a solution of alum or some other preparation 
of alumina, and also with oil or grease. 

Processes for converting skin into leather have 
been practised in a rude manner from a very early 
period, and even among the most savage tribes; bat 
it was not until towai'ds the close of the last and 
the commencement of the present century that the 
principles of the processes were accurately developed 
through the researches of Deyeux, Seguin, Ma(v- 
bride, Prouat, and Sir H. Davy, and tanners have 
in general been very tardy even to the present time 
in adopting the improvements suggested by the re- 
searches of these and o^her experimental philoso- 
phers. Until within the last few years, tanning has 
probably been more stationary than any other ma- 
nufacturing process; but considerable modifications 
of the old method of tanning have been recently 
introduced, consisting chiefly in the employment of 
new materials. The result has not been, on the 
whole, an improvement in the quality of the leather, 
but a reduction in its price. 

The leather manufacture of Great Britain is of 
very great importance, and ranks either third or 
fourth on the list; being inferior only in point of 
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value and extent to those of cotton, wool, and iron, 
if it be not superior to the latter (Mr. M'Culloch). 
Including the subsidiary trades of the currier, shoe- 
maker, saddler, glover, &c., the manufacture of lea- 
ther is considered by another authority to rank equal 
with, if not before, that of cotton. 

The skin of animals is composed of two chief parts, 
the corium or cutis^ and the cuticle or epidermis. 
The former, which is the tnie skin, is a tissue of 
delicate fibres crossing each other in all directions, 
more thickly woven towards the surface than in the 
deeper part of the skin. It is pervaded by a great 
number of little conical channels, the small extre- 
mities of which terminate at the external surface 
of the skin. These channels, which are placed ob- 
liquely, contain nerves, secretory vessels, and cel- 
lular membrane. The cuticle or exterior coating 
is an insensible homy membrane, composed of several 
layers of cells, devoid of blood-vessels. 

A piece of fresh skin, freed on its internal side 
firom fat and cellular tissue, and on its external side 
from the epidermis and the mucous membrane which 
lies between the epidermis and tJie true skin, con- 
tains about 43 per cent, of solid matter, the remain- 
der being water. > Of the solid matter, about 32 
pep cent, on the weight of the humid skin is the 
fibrous and cellular tissue and a little fatty matter, 
each of which is insoluble in cold water ; 1*5 per 
cent, is uncoagulated albumen; about 1 per cent. 
is a variety of extractive matter, soluble in water 
and alcohol; and 7*5 per cent, is another kind of 
extractive matter soluble in water, but insoluble in 

M 2 
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alcohol (M. Wienholt.) Nearly the whole of the 
albumen and other matters capable of being dissolved 
by cold water, may be separated by digesting the 
skin in that liquid. When the washed skin is dried 
and digested in ether, a small quantity of fatty mat- 
ter is dissolved out. 

By digestion in boiling water the greater part 
of the true skin becomes altered in properties, and 
dissolved ; only some vascular and nervous filaments, 
with a little fat, remaining undissolved: and the 
solution, when slowly evaporated, leaves a residue 
of gelatin or glue. Gelatin does not exist ready 
formed in skin, but is produced by the action of 
boiling water. The term gelatinous tissue is con- 
veniently used to designate all animal tissues which 
are convertible into gelatin by such a process. Dilute 
acids and alkalies possess the property of convert- 
ing gelatinous tissues into gelatin even at the or- 
dinary temperature. 

Respecting the importance and extent of the 
leather manufacture of this country. Dr. Campbell 
makes the following striking remarks : " If we look 
abroad on the instruments of husbandry, on the im- 
plements used in most mechanic trades, on the struc- 
ture of a multitude of engines and machines ; or if 
we contemplate at home the necessary parts of our 
clothing — shoes, boots, and gloves, — or the furni- 
ture of our houses, the books on our shelves, the 
harness of our horses, and even the substance of 
our carriages, — what do we see but instances of hu- 
man industry exerted upon leather? What an ap- 
titude has this single material in a variety of cir- 
cumstances for the relief of our necessities, and sup- 
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plying conveniences in every state and stage of life? 
Without it, or even without it in the plenty we 
have it, to what difficulties should we be exposed !" 
(Political State of Great Britain, vol. ii. p. 176.) 



§ I. ON THE PROPERTIES OF TANNIC ACID AND THE 
ASTRINGENT VEGETABLE MATTERS EMPLOYED IN 
TANNING. 

Although the astringent matter contained in se- 
veral diflFerent vegetables is designated by the same 
name — ^tannin or tannic acid, yet all these bodies 
do not appear to be identical. The differeiices, 
however, which are perceptible in the properties of 
most of the substances which are thus classed to- 
gether, are smaU, and seemingly of no great im- 
portance in the. practical application of this vege- 
table principle, which forms the principal subject 
of the present article. Other astringent vegetable 
matters exist, the properties of which amply dis- 
tinguish them from tannin. 

The most characteristic properties of tannin are 
astringency in taste, and the power of being precipi- 
tated from its aqueous solution, either of a blueish- 
black or dark green colour,* by a solution of a salt 

* The colour of the precipitate produced in a solution of tannin by 
persalts of iron has been made the basis of an arrangement of the 
different tannins into two Tarieties, distinguished as tannin which pre- 
cipitates iron blueish-black, and tannin which precipitates iron green. 
The experiments of Berzelius, Geiger, Waltl, and Oavallius, would tend 
to prove that the tannin in all plants is essentially the same substance, 
the different colours of the various precipitates with persalts of iron 
depending on the accidental presence of impurities, and also on the 
nature of the silt of iron used. But the more recent researches of Dr. 
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of the peroxide of iron, and of a dirty white or 
brown colour by a solution of gelatin. The pre- 
cipitate produced in a solution of a persalt of iron, 
which is the tannate of peroxide of iron, is the 
basis of common \7riting ink. A solution of proto- 
sulp]\utc of iron (copperas), perfectly free from all per- 
oxide of iron, experiences no immediate change on the . 
addition of tannin ; but the mixture instantly becomes 
deep blue or black on exposure to the air, through 
the absoii^tion of oxygen and formation of the per- 
oxide of iron. If cold aqueous solutions of tannin 
and auinud gelatin (glue, bone-size, or isinglass,) 
are mixed ii. certain proportions, both of these 
bodies are almost completely thrown down as a pre- 
cipitiito, known by tlie name of tarMo-gelatinj ifluch. 
genjmlly contains about half its weight of tannin. 
Sometimes, particularly ^yhen heat is applied, or 
wlien tlie acid is in excess, the precipitate forms, 
on stirring, a very viscid and elastic mass, some- 
thing lesombling caoutchouc. In its chemical con- 
stitution tanno-gelatin is quite analogous to leather, 
and was at one time, in fact, generally regarded 
as that substance in a pure state. This cannot 
be the case, however ; as gelatin does not exist 

Stcnl\i)use favour the conclusion that not only must the tannins of different 
plants which produce different coloured precipitates in the same solu- 
tion of peroxide of iron be regaided as distinct substances, but even 
that some of the varieties of tannin which agree in their reactions upon 
salts of iron, and in their general chemical habitudes, are by no 
means identical. Dr. Stenhouse availed himself of a new test for tannin, 
whicli affords indications only with the variety of tannin contained in 
galls, and wltl> gallic acid, which consists in the production of pyrogallic 
acid wlien the body to be tested is subjected to the destructive distil- 
lation. Pyrogallic acid is disengaged as a crystalline sublimate. (Me- 
moirs of the Chemical Society, p. 132.) 
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ready formed in skin, and tanno-gelatin, unlike lea- 
ther, is slightly soluble in water at the boUing point. 
The aqueous solution, becomes turbid on cooling, 
owing to the reprecipitation of the tanno-gelatin. 
This compound may be also dissolved by an excess, 
of solution of gelatin, but not by an excess of a 
cold solution of tannin. When dried, it loses its 
viscidity and elasticity, and becomes brittle and 
pulverulent. 

Tannin may be most easily procured in a state 
of purity from gall-nuts, which are excrescences 
produced upon the tender shoots of certain species 
of oak, through punctures formed by a peculiar in- 
sect for the purpose of depositing her eggs. A quan- 
tity of coarsely powdered gall-nuts is placed in a glass 
percolator,* the bottom of which is plugged by a 
little clean cotton, and covered with common ether, 
which has previously been shaken with a little water. 
The percolator being fixed to its receiver and closed 
at top by its stopper, the mixture is allowed to di- 
gest for several hours ; after which the stopper is re- 
moved, the liquid filtered into the vessel below, and 
the gaUs washed with more ether introduced at top. 

On standing, the filtered liquid separates into two 
strata of unequal density : the lower, which is ge- 
nerally of an amber colour, is a solution of tannin 
in water ; the upper is a solution in ether of some 
other substances contained in the galls, amongst 

* The percolator or apparatus of displacement consists of a long and 
narrow vessel, open at both ends, contracted both at top and bottom, 
and fitted with an air-tight stopper at top : the bottom of this Tcssel 
fits into a matrass or bottle to serve as a recipient. 
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which is gallic acid. The aqueous solution when 
gently evaporated leaves a shining, porons, nncrys- 
tallised mass of tannin, nearly pure. By this process 
galls may be made to afford from 35 to 40 per cent. 
of their weight of tannin. 

Tannin is very soluble in water, and its solution 
exhibits the usual properties of a free acid. When 
exposed to air, and particularly at a high tempera- 
ture, the aqueous solution of tannin absorbs oxygen 
and disengages an equal volume of carbonic acid: 
the tannin wholly disappears, and in its place are 
found two new products, namely, gallic and dlagic 
acids ; the former, being soluble, is contained in 
the liquid, but the latter is an insoluble powder 
of a yellowish-grey colour. In dose vessels a sda- 
tion of pure tannin may be preserved without change. 
Tannin is precipitated from a tolerably strong so- 
lution by sulphuric, muriatic, phosphoric, boradc, 
and arsenic acids ; and these precipitates consist, ac- 
cording to Berzelius, of compounds of tannin with 
the acids respectively. If the compound with sul- 
phuric acid is boiled for a few minutes in dilute 
sulphuric acid, the tannin becomes converted into 
gallic acid, which is deposited in coloured crystals 
as the liquid cools. When the sulphuric acid em- 
ployed for this purpose is diluted with seven or eight 
times its bulk of water, the crystals of gallic add 
thus obtained are colourless and nearly pure. An 
analogous change occurs where the compound of 
tannin and sulphuric acid is boiled with an excess 
of a caustic alkali (Liebig), and the action of mu- 
riatic acid on tannin is quite similar to that of sul- 
phuric acid (Dr. Stenhouse). In these cases of the 
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conyersion of tannin into gallic acid, the access of 
the air is unnecessary. 

Grallic acid exists ready formed in several vege- 
tables ; among which are gall-nuts, sumach, the seeds 
of the mango-tree, divi, valonia, tea (black and 
green), and myrobalams. It is probably produced in 
all cases through the decomposition of tannin. Gallic 
acid is not nearly so soluble in cold water as tannin ; 
but it is very soluble in hot water, and crystallizes 
on the cooling of such a solution in silky needles. 
When a solution of gallic acid is exposed to the 
air, it absorbs oxygen, becomes mouldy, and deposits 
a brown powder; but it may be preserved without 
change in a close vessel. In the appearance which 
it produces with solutions of salts of iron, gallic acid 
resembles tannin.* Gallic acid is of very little ser- 
vice in the process of tanning, being incapable of 
combining with gelatin and gelatinous tissue, like 
tannin. This fact must naturally suggest to the tan- 
ner the necessity of guarding against all the circum- 
stances which favour the conversion of tannin into 
gallic acid, particularly where the vegetable matter 
employed is one of those which contains the same 
kind of tannin as exists in gall-nuts and sumach; 
since this variety is more susceptible of conversion 
into gallic acid than any other kind of tannin. 

* With a solution of persulphate of iron, gallic acid produces a 
Uueisb-black precipitate, which gradually becomes almost colourless, 
owing to the reduction of the peroxide of iron to the state of protoxide. 
This does not happen when the original solution contains peroxide of 
iron, so as to form the ferroso-ferric oxide. Gallic acid produces no 
colour at fir^ with pure protosulphate of iron, but the mixture soon be- 
comes blue on exposure to the air. 
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From the recent researches of M. Wackenroder and 
M. Larocque, it appears that the fonnation of gallic 
acid from tannin is considerably expedited by the 
contact of the insoluble vegetable matters which 
remain after the extraction of the tannin; at leasts 
in the case of nut-galls^ and probably in that of all 
vegetable matters which contain tannin sosceptible 
of this change by exposure to the air. M. Larocque 
found that ull the tannin contained in an aqueous 
solution of that substance to which was added the 
residue of the preparation of tannin from gall-nuts^ 
by means of ether (us described u1; page 167), became 
entirely converted into gallic acid, although in a 
closed vessel ; while a strong solution of pure tannin 
freely exposed to the aii- during the same length 
of time contained nearly the whole of its tannin 
unaltered. It is hence concluded, th^t the insoluble 
residue of the nut-galls contains a substance capable 
of acting on taimin us a ferment, and that the change 
of tauniu into gallic a(id in such cases is a species 
of fermentation. This is rendered still more pro- 
bable from the circumstance thai, the vinous fermen- 
tation may be excited in grape sugar by powdered 
nut-galls which have been digested in ether; and 
also that contact with yeast, blood, and albumen, 
produces the same effect on tannin as contact with 
the residue of nut-galls, though not with such ra- 
pidity as the latter. The guUic acid formed from 
the tannin of nut-galls through the agency of yeast 
is mixed with a quantity of a brown and bitter sub- 
stance. M. Larocque has also observed that this fer- 
mentative decomposition of tannin may be prevented 
or retarded by all the antiseptic bodies which im- 
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oede vinous fermentation, as solable salts of mercury, 
^atic bodies, and empyremnatic oils. The pre! 
«nce of corrosive subJl is said to prevent the 
decomposition almost perfectly. The access of the 
air is not essential to this transformation of tannin, 
aiocording to M. L^ocque, and no appreciable quan- 
tity of gas is disengaged during the action. 

It has already been observed that dilute sulphuric 
aad muriatic acids speedily effect the conversion of 
tannin into gallic acid without access of air, when 
the mixture is exposed to a moderate heat (page 
168). According to the results of some recent experi- 
ments of M. Antoine, however, it appears that the de- 
Gomposition of tannin by exposure to the air is not at 
all accelerated, but, on the contrary, rather retarded 
by the presence of a very minute quantity of either 
of these acids, provided the mixture is kept at com- 
mon temperatures. P3rroligneous acid possesses the 
property of retarding the decomposition of tannin to 
a very considerable extent, probably owing in a ^at 
measure to the presence of certain empyreumatic 
bodies. On the contrary, tartaric and mulic acids, 
and vegetable acids in general, accelerate the decom- 
position of tannin. The rapidity with which sumach 
ferments may be referred in a great degree to the 
presence of a considerable quantity of malic acid in 
the leaves, according to some recent analyses. 

Ftom the preceding observations may be inferred 
some of those conditions which the tanner should 
endeavour to avoid or obtain in order to retard 
as much as possible the conversion of the tanning 
principle into gallic acid, the latter being incapable 
of combining with gelatinous tissue. Though the 
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ob0ervatioD8 refer pttrticokrly to the tannin of gafl- 
nuts, which is beUeyed to be the same kind as that 
of sumach^ jet there is every reason to belieTC that 
they are applicaUe to all Tegetable substances whid 
contain a Tarietj of tannin; not even excepting 
those the tannin of which is not conyertible into 
gallic acid; for all kinds of tannin are snbject to a 
fermentative decomposition, though the different va- 
rieties may afford very different products, and in 
all probability, the same agents which possess the 
power of restraining the fermentation of one variety 
would that of another. 

An idea prevails among some tanners, however, 
that gallic acid exerts some beneficial action or other 
in the process of tanning. This we may certdnly 
admit, provided the ordinary process is followed; but 
undoubtedly it is at the expense of a far more valu- 
able and important agent. That gallic acid is not 
absorbed by the skins, or at least not in any quan- 
tity, is obvious from its existence in very consi- 
derable proportion in the spent or waste tan-liquors, 
into which the prepared hides are introduced before 
they are put to digest in the stronger and more 
recent infusions. When hides which have been 
cleansed in the usual manner by means of lime- 
water, and no. by u^ of salphurio ^id, .« 
digested in the spent liquors, the gallic acid causes 
an expansion of the pores of the hides, which faci- 
litates the penetration of the solution of tannin 
when the hide is transferred to the stronger liquors. 
This appears to be the only beneficial action exerted 
by gallic acid, and the same eflect may be obtained 
by the application of almost any other acid. In 
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tKtj sulphuric acid has long been economically em- 
plojed for this Tery purpose. 

The principal astringent vegetable matters now 
used as sources of tannin in the manufacture of 
leather are the following : 



Oak-l)ark^ 

Yalonia, 

Light catechu or terra, 

Divi-divi, 

Sumach, 

Dark catechu or cutch, 



Cork-tree bark, 
Mimosa or wattle-bark, 
Birch-bark, 
Mjrrobalams, 
Larch-bark. 



The following materials were formerly employed 
to a small extent, but their use is now wholly dis- 
continued in this country : 

WiUow-bark, I Ehn-bark, 

Oak saw-dust, | Bark of the Spanish chestnut. 

Oak-hark. — In England, oak-bark has always 
been more extensively employed in tanning than 
any other substance. The bark is prepared for use 
by being simply ground to a coarse powder between 
two cast-iron cylinders. Bark cut in the spring 
contains a much larger proportion of tannin than 
that cut in the autumn, and that cut in the autumn 
more than that cut in the winter. The quantity 
of tannin in oak-bark is considered by all tanners 
to be in proportion to the jfreedom with which the 
sap was flowing at the time of stripping, and to the 
facility with which the bark is removed ; hence that 
bark which presents the appearance of not having 
been easily detached, fetches a far lower price than 
that which seems to have been removed with facility. 
The richest bark is always obtained in the warmest 
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spring, as it then contains most sap; a few days 
only of cold weather previous to felling and stripping 
causes a very perceptible reduction in the proportion 
of tannin and sap. The bark of coppice-trees about 
twelve years old contains more tannin than that of 
younger trees, and the latter more than that of dd 
trees. 

According to Dr. Stenhouse, the tannin of oak- 
bai*k does not afford pyrogiJlic acid when subjected 
to the destructive distillation, like the tannin of gaQ- 
nuts ; from which circumstance it may be concluded 
that the tannin of the bark is not identical with that 
of galls. An analysis of oak-bark by M. Gerger 
afforded 5*6 per cent, of tannin; Sir H. Davy esti- 
mated the entire bark of middle-sized oak cut in 
the spring to contain 6*0 per cent. In this, and 
all other astringent barks, the tannin is contained 
solely in the inner white layers next to the alburnum; 
the middle coloured portion contains most of the ex- 
tractive matter; and the epidermis, or exterior, 
contains little extractive matter and no tannin. 
According to coramon estimation, from three and a 
half to four pounds of oak-bark are required for the 
production of one pound of leather. The quality 
of leather made by means of oak-bark is considered 
to be superior to that of the leather made with 
either of the numerous tanning materials which are 
now so extensively employed in the place of bark. 
The procesiJ of tanning with bark, however, requires 
the longest time. 

The present* price of English oak-bark is from 
five pounds to eight pounds per ton. The price of 

* April, 1844. 
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&mga oak-bark (duly paid) per ton is as follows: 

Bitteii from fire pounds ten shillings to six pounds 
ten shillings ; Flemish, from fiye pounds ten shillings 
to seyen pounds ten shillings; and German, from 
four pounds to fire pounds. 

Sumach, — Sumach is chiefly used in tanning for 
preparing and finishing the lighter and finer kinds of 
leatlier, and is employed more extensively in dyeing 
and calico-printing than in tanning. It consists of 
the powder of the leaves and young branches * of the 
Rhus cotirms (Venus sumach, or the wild olive), 
Bhus coriaria (hide or elm-leaved sumach), shrubs 
which grow in various districts of the south of 
Em*ope. The Rhus cotinus is used most extensively 
in dyeing, and the Rhus coriaria in tanning. It is 
said that all the leather made in Turkey is tanned 
by means of the bark of the latter. 

Sir H. Davy found a specimen of Malaga sumach 
to contain 16*4 per cent, of tannin, and one of Sici- 
lian sumach 16*2 per cent. M. Cadet de Gassincourt 
obtained 10 per cent, of tannin from Virginian su- 
mach, and five per cent, from sumach from Carolina. 
The tannin of sumach appears to be identical with 
that of galls ; and gallic acid occurs ready formed in 
sumach to a considerable extent. When mixed with 
water, sumach is more apt to enter into a fermenta- 
tive decomposition than any other tanning material. 

The present price of Sicilian sumach is from nine 
pounds to ten pounds ten shillings per ton. 

Divi^ivi^ or divi. — This astringent substance is 

* The branches are probably added for the purpose of sophistication. 
Of late, to prevent this fraud, the sumach-leaves have been imported 
entire. 
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the pod of a l^nminoiis shmb ( CiBsalpin cariaria\ 
a native of South America, which grows to the hd^ 
of between twenty and thirty feet. Of late yean 
it has been imported into Great Britain from the 
West Indies and yarioos parts of the north coast of 
South America* in considerable quantity, and is 
become of general use among tanners throughout the 
country. 

The pods are of a dark brown colour, about thiee 
inches in length, but curled up as if they had been 
strongly dried. • The whole of the tannin resides in the 
rind of the pod, immediately underneath the epider- 
mis ; the taste of that part is highly astringent and 
bitter ; but the inner skin, which encloses a few flat 
seeds, is nearly tasteless. Divi contains a consider- 
able quantity of a yariety of tannin which resemblee 
that of galls in affording a deep blue or black pre- 
cipitate with salts of the peroxide of iron, but 
differs from it in not producing pyrogallic acid on 
destructive distillation. Divi also contains a coii- 
siderable amount of a mucilaginous substance, the 
presence of which interferes with the application of 
this article in dyeing and calico-printing, but not 
in tanning. 

Divi, like sumach, soon enters into a state of 
fermentation when mixed with water. The leather 
made by means of divi is particularly porous ; it is 
always coloured brown when the tanning is conducted 
in the ordinary manner, and frequently of a de^ 
brownish-red. The circumstances which give rise 
to the production of the latter colour are not well 

* It is principally exported irom Maracaibo, Rio de la Hache, and 
Savanilla. 
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iderstood. The colouring matter seems to be ge- 
erated through a kind of fermentation in the in- 
Jflion, which comes on suddenly both in cold and in 
farm weather, but more frequently in the latter ; the 
eather and the sides of the tan-pit becoming covered 
irith a purplish or blood-red deposit. If preserved 
out of contact with the atmosphere, the infusion does 
not afford this colouring matter, and the colour of 
the leather prepared in such circumstances is un- 
objectionable, being much better than could be ob- 
tained by applying the infusion in the ordinary man- 
ner, without the occurrence of the peculiar fermen- 
tation and production of red matter. Some tanners 
do not venture to expose their hides to more than 
two pits of infusion of divi, in order to prevent the 
attachment of much of the colouring matter. The 
buff-coloured deposit, technically known by the name 
of "bloom," is produced freely from an infusion of divi. 
At present the price of divi is from nine pounds 
to thirteen pounds per ton. 

Valonia. — ^Valonia consists of the acorn-cups of 
the Qttercus JEgilops (prickly-cupped oak), a va- 
luable tree which grows in abundance in the Morea 
and adjacent countries. About seven thousand five 
hundred tons of these acorn-cups are imported into 
this country yearly from Smyrna and the Morea, and 
sold almost wholly to tanners and dyers. 

As soon as the cups are gathered, they are par- 
tially dried, and then conveyed on mules to Smyrna 
or some other port at which they are to be shipped, 
where they are stored up in warehouses for several 
months, being disposed in layers of from three to 
five feet in thickness. During this time the cups 
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undergo an incipient fermentation, and as they drj, 
the long spreading scales, which at first completdj 
confined the acorn, become contracted and allow tibe 
acorn to fidl out of the cup. When dry, the wlude 
is picked over, to separate the damaged black caps, 
and all the acorns, which contain no tannin. The 
cups on the surface of the stratum always be- 
come damaged during the desiccation. The ayerage 
diameter of the cups of common yalonia, inclad- 
ing the scales, is a little less than two inches. An- 
other kind of yalonia is met with in commerce, 
much smaller than common yalonia, the ayerage 
size of the cups being about that of a large cherry. 
This yariety, which is distinguished by the prefix 
^^ Camata," bears a higher price than the other, 
partly from being a little richer in tannin, but 
chiefly from being in demand by silk-dyers. Camata 
yalonia is said to be the firuit of a smaller species 
of Quercus than that which yields the conunon ya- 
lonia ; the acorns remain imbedded in the cups. 

The quality of yalonia may be ascertained by an 
experienced eye from the appearance of the cup, 
which, when good, is thick, fuU-grown, and of a 
bright colour. After being gathered, the cups are 
frequently exposed to heayy rain, whereby they be- 
come deprived of a great portion of their tannin, 
and darkened in colour. They are also frequently 
injured in the preparation for shipment. 

The present price of yalonia from Smyrna is from 
ten pounds to twenty-one pounds per ton : that 
brought from the Morea is less expensive, its price 
per ton being from eight pounds to fifteen pounds. 
About two pounds of yalonia, on the average, are 
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required for the production of one pound of leather. 
It is said that the leather produced by means of 
Yalonia is harder and less permeable to water than 
that made with oak-bark, and so heavy as to con- 
stitute this the cheapest of all tanning materials, 
catechu or terra only excepted. The leather pro- 
duced by a mixture of yalonia and oak-bark is of 
very excellent quality. 

The tannin of valonia appears to be different from 
that of nut-galls, as it affords no pyrogallic acid on 
destructive distillation. Dr. Stenhouse found only a 
trace of gallic acid in this tanning material. An infu- 
sion of valonia speedily affords the deposit of " bloom." 

A considerable portion of last year's crop of va- 
lonia is said to be damaged by being covered with a 
substance resembling honey, which may act inju- 
riously by undergoing a kind of fermentation when 
the valonia is shipped and put up in store. 

Catechu. — The two astringent substances known 
by the names of catechu, cutch, terra japonica, and 
terra, are inspissated aqueous extracts made from the 
bark, wood, and probably leaves, of the Acacia ca- 
techu^ and Uncaria gambir. According to Nees 
Yon Esenbeck, most of the catechu exported from 
Bombay is prepared from the former tree, and that 
exported from Bengal from the latter. Bombay ca- 
techu, which is the richest in tannin, is of a dark 
brownish-red colour, both externally and internally, 
and of specific gravity 1*38. This variety is com- 
monly called cutch. The specific gravity of the Ben- 
gal catechu (terra), which is of a light brown colour 
internally, is only 1*28. The taste of both varieties 
is astringent and bitter, and after a time sweetish. 

N 2 
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The prooesB by which catechn is said to be pie^ 
pared is the following. The tree having been 
felled, the whole is cut up into small pieces aad 
boiled with water in a narrow-mouthed vessel until 
only one half of the original bulk of liquid remaind. 
The solution is then transferred to a wide earthea 
vessel, in which the evaporation is continued; bat 
the inspissation is completed by exposure to the 
sun, the mass being occasionally stirred. Before the 
extract becomes thoroughly dry, it is placed in cloths, 
strewed over with the ashes of cow-dung, cut into 
little lumps, and again exposed to the sun to be dried* 

The appearance of the dark-coloured variety of 
catechu, or cutch, answers much better to this 
description of the mode of preparing catechu than 
that of the light-coloured variety. I have been 
informed that the latter, which is more pulveru- 
lent than the former, is prepared by mixing the 
concentrated decoction of the tree with a pulveru- 
lent substance resembling starch. This powder is 
disposed in a thin layer on a floor or shelf, and the 
concentrated infusion or decoction is allowed to run 
over the floor and be imbibed by the powder. When 
the mass is become stiff by drying, it is cut up into 
small lumps, which are placed before the sun to 
complete the desiccation. 

Both kinds of catechu contain about half their 
weight of a variety of tannin different from that of 
galls, as it produces olive-green precipitates with salts 
of iron, and yields no pyrogallic acid on destructive 
distillation. The tannin of catechu is readily dis- 
solved by cold water. Another peculiar principle ex- 
ists in catechu, which has received the names of cote- 
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jhin and catechuio acid; it is insoluble in cold water, 
bnt slightly soluble in the solution of the tannin of 
^techu. The light-coloured cubical variety of catechu 
lid not afford Dr. Stenhouse any traces of gallic acid. 

In India, catechu has long been extensively used 
n tanning, and of late years a considerable quantity 
las been consumed by the tanners of this country. 
Skins may be tanned with great rapidity by catechu, 
but the leather it produces is very permeable to 
vrater, light and spongy : its colour is dark reddish- 
Tawn. The leather made by means of the light-co- 
loured variety of catechu is softer than that made 
by cutch. An infusion of catechu scarcely affords 
any of the deposit of bloom which oak-bark, valonia, 
and divi yield. This is a material objection to the 
sole use of catechu as a tanning agent, since all 
purchasers of leather consider the existence of a coat- 
ing of bloom to be an indication of the goodness of 
the leather. According to the experiments of Mr. 
Purkis, a given weight of catechu is capable of 
tanning as many skins as seven or eight times that 
weight of oak-bark ; one-half that estimate, how- 
ever, would probably be nearer the truth. A pound 
of catechu generally suffices for the production of 
about a pound of leather; and as the price of this 
article at present (April, 1844) is from thirteen 
pounds to fourteen pounds per ton, duty paid, it 
may be considered the cheapest of all tanning ma- 
terials. A considerable quantity of this substance 
is used by calico-printers to produce a fast bronze 
on cotton fabrics. 

Larchrhark. — The bark of the common larch-fir 
was formerly a very common substitute for oak- 
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bark in tanning, and it is still employed to a con- 
siderable extent in some parts of Scotland for tan- 
ning the inferior sheep-skins known by the name 
of ^^ basils/' It contains a large quantity of tannin, 
differing slightly from that of galls, bnt the quality 
of the leather made with it is inferior. Larch-bark 
also contains some resinous matter and a good deal 
of mucilage. 

Mt/robalams. — The astringent substance known 
by the name of myrobalams, which is the fruit of 
several East Indian trees, has long been employed 
in India as a substitute for galls. It has not yet 
been generally employed by tanners of this country; 
but from the large quantity of astringent matter 
which it contains, it probably deserves more atten- 
tion than it has yet received. The ripe firuit is 
{)car-shaped, weighing from seventy to one hundred 
grains, deeply wrinkled, and of a brownish-yellow 
colour. The husk, which is easily separated by 
bruising from the nut it encloses, contains the whole 
of the astringent matter, some mucilage, and a 
brownish-yellow colouring matter, which has been 
employed in India as a yellow dye. The tannin (rf 
myrobalams differs slightly from that of galls. The 
(luantity of gallic acid in myrobalams is pretty con- 
siderable (Dr. Stenhouse). 

Willow-hark. — The bark of the willow was oc- 
casionally employed in tanning, but to no great ex- 
tent, as it produces little more than one third of the 
effect obtained by an equal weight of oak-bark. Its 
use is now almost, if not entirely, discontinued in 
this country. Sir H. Davy found the entire bark 
of the common willow to contain 2*3 per cent, of 
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tannin, and that of the Leicester willow 6*8 per 
cent. Danish leather, which possesses a peculiar and 
agreeable odour, and is muoh used for making gloves, 
is generally prepared from kid and lamb skin by 
means of willow-bark. Bussia leather is also usually 
tanned with willow-bark, but the odour of that leather 
is due chiefly to the empyreumatic oil of the bark of 
the birch-tree. 

MtTnosa or wattte-hark. — This bark is obtained 
from different species of the mimosa which grow 
abundantly in Australia and New Zealand: a fluid 
ertract from the bark was brought to England about 
twenty years since, and being approved of by tan- 
ners, small quantities of the bark and the extract 
have been regularly imported ever since. The lea- 
ther made by means of this material is of excellent 
quality, but its colour is very objectionable. Unless 
very finely ground, mimosa-bark does not yield the 
whole of its tannin to warm water. This article has 
long been used in tanning in New South Wales. 
Its present price is from eight pounds to eleven 
pounds per ton. 

Cork-tree hark. — The outer dead bark of the 
cork oak (an evergreen) is the substance commonly 
known as cork, which may be removed without any 
injury to the tree ; but the inner bark, which is that 
employed in tanning, cannot be removed without pro- 
ducing the death of the tree. It is not commonly 
separated for commercial purposes, except in Corsica, 
Spain, and a few other countries, where the tree is 
indigenous and very abundant. It contains about 
twice as much tannin as oak-bark, of average quality. 
This bark is used more extensively in Ireland than 
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ID Ed^aikL Its ]nee is generaDy from dght pounds 
to twelve pounds per too; but it has been mndi 
lower c^ late, owing to the increased importation of 
this article. The quantity imported into this coun- 
try last year amounted to about ten thousand tons, 
and it is expected that eight thousand tons will be 
imported during the present year. Even the latter 
quantity is £y aboTe the ayerage import. 

The tannin of c<»k-tree bark appears to bear more 
resemblance in its properties to that of catechu than 
to the tannin of most other vegetable matters. Like 
catechu, cork-tree bark scarcely affords any of the 
light fawn-colour deposit called blo(mi, and it is 
doubtful whether this Tariety of tannin is susceptible 
of conyersion into gallic acid. The dark eoloor 
which cork-tree bark always communicates to leather 
produced by its means, is the greatest objection to 
the use of this material 

Judging from the proportion of tannin found in 
some of these substances, Sir H. Dayy determined 
their rcBpective y^ue to the tanner to be as follows; 
the relatiye quantities of dry hides capable of being 
tunned by equal weights of the materials, being ex- 
pressed by the numbers. 

Humach 77 

White interior cortical layers of oak-bark 72 

Kntire bark of Leicester willow, large size, 33 

ff coppice oak 32 

ff middle-sized oak, cut in spring, 29 

„ oak, cut in autumn, 21 

„ ash 16 

„ Lombard J poplar 15 

„ elm 13 
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Entire bark of common willow, large, 11 

,, sycamore 11 

beech 10 



j» 



„ horse-chestnut 9 

„ birch 8 



If the tannin and all the other ingredients of 
these astringent matters were of precisely the same 
nature, such a table as the above might exactly 
indicate the respective value of the different sub- 
stances. But the tanner has to take cognizance 
of other circumstances than the actual proportion of 
astringent matter contained in his material; for it 
is well known that a considerable difference may be 
detected in the quality of leather made from similar 
skins and in the same, manner, but with different 
vegetable matters, though the leather be perfectly 
tanned : this can only be ascribed to a difference in 
the nature of the tannin, or the accompanying muci- 
laginous and other matters. The leather produced 
by means of larch-bark, for example, is far inferior 
to that made with oak-bark, though similar skins 
be operated on, and the tanning be continued the 
same length of time; and catechu and divi produce 
a more porous leather than oak-bark or valonia. 

The quantity of colouring matter present in the 
tanning material, and the susceptibility of the latter 
to produce a soluble colouring matter on exposure 
to the air, form another important subject for the 
consideration of the tanner. The quality of the 
leather may not be in the least affected by the at^ 
tachment of vegetable colouring matters ; but the pre- 
judice of purchasers requires that both upper and 
sole leather should possess an uniform dull fawn- 
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colour, or what is still preferred, a yeUowish fawn- 
colour. The infusions of several of the tanning ma- 
terials which have been recently introduced, either 
contain when first made, or afford on exposure to the 
air, dark reddish-brown colouring matters whidi 
become permanently attached to the leather. The 
slow conyersion of tannin into gallic acid by expo- 
sure to the air is generally, and probably always, 
attended with the formation of a dark brown sub- 
stance (the apotheme of Berzelius) sufficiently soh- 
ble in water to colour the leather through its entiie 
thickness. The principal objection to the use of the 
cork-tree bark consists in the presence of such a 
colouring matter as this in the infusion of the bark, 
particularly after it has been fireely exposed to the 
air ; and light catechu and cutch, though generally 
about twice the price of oak-bark, would be esteemed 
cheaper than any other tanning material were it 
not for the reddish-brown colour which they com- 
municate to the leather. Although the recent in- 
fusions of all vegetable tanning materials contain 
more or less of this apotheme, yet there can be no 
doubt that the quantity is greatly increased by a 
free exposure to the air: hence another reason, be- 
sides that alluded to at page 169, for protecting the 
pits as much as possible from all oxidating influences. 

The only method of ascertaining the quantity of 
astringent matter in tan-liquors and tanning mate- 
rials, now in common use among tanners, that of 
taste excepted, is by the application of the saccharo- 
meter or hydrometer to the liquor, or to an infiision 
made from a small weighed quantity of the material 
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for this express purpose, whereby an indication of 
the specific gravity of the liquor or infusion is ob- 
tained. This method, however, is inadequate, since 
the specific gravity of the liquor is increased not 
merely by the tannin, but by the colouring matter, 
which is in most cases an actual nuisance to the 
tanner, and by all the substances in solution, whether 
absorbable by the hide or not. The spent liquor, 
which contains no matters capable of combining with 
the fiide, is always denser than water. The indica- 
tions of the hydrometer may be of a little service, 
however, in ascertaining the strength of a liquor 
made from only one kind of tanning material, or 
even from a mixture of different materials always 
in the same proportions ; the allowance which should 
be made for the matters in solution not absorbable by 
the animal fibre havmg been previously determined in 
a rough manner by the density of such a spent liquor 
as the infusion under examination would yield. But 
no dependence whatever should be placed on the 
hydrometer as a means of ascertaining the value 
of a new tanning material, or of the relative strength 
of tan-liquors made from different materials, unless 
the densities of the spent liquors are taken into con- 
sideration. The principal recommendation of the 
hydrometer is the facility with which that instrument 
may be applied. 

Another method, more frequently practised by the 
chemist than by the tanner, is by determining the 
weight of the precipitate of tanno-gelatin (page 166) 
produced on mixing a solution of glue or isinglass 
with the tanning infusion. The results thus obtained 
are in general nearer the truth than the indications 



188 TANNING. 

of the hydrometer, but ore far from being always 
worthy of confidence. The composition of tamio- 
gelatin varies greatly according to the manner in 
which the precipitate is produced. If made by mix- 
ing solutions of tannin of oak-bark and gelatin m 
such proportions that no great amount of either 
predominates, it generally consists, when dried at 
212^ of 100 parts of gelatin, and about 88 parts 
of tannin; if made by adding a great excess of 
a strong solution of tannin to the solution of ge* 
latin, it contains 100 parts of gelatin, and about 
118 parts of tannin; but if made with an excess 
of gelatin, it contains 100 parts of gelatin, and about 
60 parts of tannin.* It would be difficult to pre- 
cipitate the whole of the tannin in this way without 
applying the gelatin in slight excess, but the pred- 
pitate at first formed would then partially redissolre 
in the excess of gelatin. Some yarieties of tannin, 
moreover, produce much larger precipitates with ge- 
latin than other kinds: infusions of cork-tree bark 
and cutch, for instance, afford smaller precipitates 
than an infusion of gall-nuts of similar strength; 
hence this test would be inapplicable to a tan-liquor 
made of mixed materials. 

If the tannin to be estimated is the same kind 
as that which exists in gall-nuts, a solution of sul- 
phate of quinine may be used as the precipitant much 
more advantageously than a solution of gelatin. Ac- 
cording to M. Larocque, sulphate of quinine preci- 
pitates tannin from its solution perfectly, and the 
composition of the precipitate seems to be constant; 

• It will be perceived that the proportions of tannin in the three pre- 
cipitates are nearly as 1; 1^, and 2, respectively. 
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bnt different kinds of tannin are also unequally af- 
fected by this agent. The test solution may be pre- 
pared by dissolving the sulphate of quinine of the 
shops in water acidulated with a few drops of sul- 
phuric acid. 

The most ready method of obtaining the strength 
of a tan-liquor, and the only accurate method which 
would be frequently practised in a tannery, is an 
imitation on the small scale of the actual process of 
tanning, which would afford not merely the propor- 
tion of tannin, but that of all the matters in the 
liquor capable of being absorbed by the hide. A 
piece of perfectly dry prepared hide or skin, such 
as the clippings used for making glue, is digested 
in a given quantity of the liquor, till all the tannin, 
&c., have been separated, then taken out, slightly 
washed, dried, and weighed. The increase on its 
weight is, of course, the weight of the tannin and 
other matters required. An experiment of this kind 
may be completed in a few hours if a thin skin 
be operated on, and the action be assisted by a 
moderate heat. Care should be taken to have a 
greater quantity of hide or skin present than is 
sufficient to combine with all the tannin in the 
infusion. 

One principal respect in which the common modem 
processes of tanning differ from the process generally 
practised until towards the close of the last century, 
consists in the mode of preparing the infusion of the 
tanning material as well as of applying it to the 
prepared hides. Anciently the infusion was commonly 
made in the pits where the impregnation of the 
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hides was effected ; the ground bark and hides being 
laid in alternate layers in the tan-pit, which was 
then filled with water to the brim. When the in- 
fusion appeared to be spent, the pit was emptied, and 
refilled with fresh bark and water ; and this operati(m 
was repeated whenever the bark became exhausted. 
This tardy process is still practised to a small extent, 
and by it leather of superior quality is produced; 
but to obtain a more rapid impregnation of the hides, 
the tanning infusions are now almost always prepared 
at first in a much more concentrated state than they 
could be obtained when applied as in the old method. 
The use of the simple aqueous infusion of the tanning 
material was proposed about the close of the last 
century by M. Seguin, who recommended that the 
infusion should be prepared by passing cold water 
through a stratum of the powdered vegetable sub- 
stance until the latter, by several successive infil- 
trations of the same quantity of water, becomes com- 
pletely deprived of its ingredients, which are soluble 
in cold water. The manner of applying the infusion 
thus obtained to the hide will be considered in 
another section of the present article. A large 
number of tanners now make their tanning infusions 
with hot or lukewarm water; the usual source of 
heat being steam, which is introduced by a large 
iron pipe to the bottom of a deep rectangular pit 
containing the mixture of the vegetable material and 
water. At a little height above the true bottom 
of the pit is placed a perforated false bottom, through 
which the infusion filters into the space below, from 
whence it is withdrawn by a pump. 

The following mode of preparing a strong tan- 
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liquor adapted to the production of leather, by the 
modem quick process, is found to work well. The 
water, instead of being mixed with the fresh tanning 
matmal, which we may suppose to be bark, is first 
applied to bark which has already been almost ex- 
hausted of its soluble ingredients, and after the 
mixture has digested a considerable time at a mo- 
derate heat, the weak infusion thus obtained is 
pumped into another pit containing more bark, not 
so far exhausted as that in the first pit. From the 
second pit, after a time, the infusion is transferred 
to another containing richer bark ; and so on, through 
a series of several pits, until it arrives in that 
which contains the fresh, material. From the latter 
the liquor is withdrawn for use. 

§ II. PREPARATION OF HIDES AND SKINS FOR TANNING. 

In commercial language, all kinds of skins which 
are operated on by the tanner are arranged into 
three classes, technically known as hides, kips, and 
skins. Hides are the skins of large and full-grown 
animals, such as oxen, cows, horses, bulls, and buffa- 
loes ; kips are the skins of the same animals flayed 
while young;* the name sMns is applied by the 
tanner to those of small animals, as sheep, seals, 
goats, dogs, &c. Hides are used for making thick 
and strong sole leather, and kips and skins for the 

♦ Most of the kips which are imported, however, are the skins of full- 
grown, and often very old animals belonging to a small breed of cattle. 
This remark applies to those exported &om Russia as well as from the 
East Indies. 

The skin of a calf which has been out at grass is termed a kip ; but if 
the animal has not been taken .to grass, it is considered a skin. 
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thinner and more flexible npper shoe-leather, gio?e 
and fancy leather, &c. Hides, kips, and skins mif 
be obtained by the tanner in four different conditions; 
fresh from recently slaughtered animals, dried, salted, 
and both dried and salted: the fresh hides are fio> 
nished by the home slaughter, the others are importei 
Some idea of the relative estimation in which equal 
weights of the different kinds of hides are held by the 
British tanner may be formed from the following 
list, arranged in the order of their yalne, b^inniog 
with those most esteemed : 

Dry ox and cow hides from Buenos Ayres uid Monte Video. 
Dry „ from Valparaiso. 

„ „ from Rio Grande. 

„ „ from the West Indies. 

Dry salted „ from Brazil. 

Salted „ from Brazil. 

Salted ox hides from Buenos Ayres and Monte Video. 
Salted cow hides from Buenos Ayres and Monte Video. 
„ ox and cow hides from New York. 
y, „ from New South Wales. 

Market or fresh hides. 

The highest price of the best Monte Video hides 
(dry) is generally eightpence per pound (duty paid), 
and the lowest price current of the worst hides from 
New South Wales (salted) is twopence halfpenny per 
pound. Eips are imported from the East Indies, dry, 
brined and dry salted; from Buenos Ayres, salted; 
and from St. Petersburgh, dry. Their prices vary 
from fourpence to one shilling per pound. Sheep- 
skins are mostly imported from Buenos Ayres, and 
seal-skins from Newfoundland. 

The price of market hides varies from twopence 
halfpenny, to fourpence per pound. Though the 
lowest in price, they are considered the most valu* 
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able, and are the most expensive, owing to the large 
quantity of water present in the pores. To pro- 
duce forty pounds of leather, there are required, on 
the average, thirty pounds of dry hide, sixty pounds 
of salted hide, and seventy-four pounds of market 
hide. The horns in the latter weigh, on the average, 
about eight pounds. 

All kinds of hides and skins have to be submitted 
to certain preliminary operations before they are sub- 
jected to the action of the tanning agent; the prin- 
cipal objects of which are the removal of any small 
portions of flesh or fatty matter which may adhere 
to the cutis from imperfect flaying, the removal of 
the hair, epidermis, and dirt, and the distension of 
the pores of the hides and skins, whereby they are 
rendered more susceptible of the action of the tan* 
ning principle. 

As the processes for preparing hides for tanning 
differ in some respects from those for preparing 
skins, it will be convenient to consider these opera- 
tions separately; and the modes of preparing hides 
may be first noticed. In the manufacture of the 
4 kind of leader aln,«. endless variation, Ma, 
be discovered in the minute details of the processes 
practised by different tanners, a description of only 
the leading features of which can be included in the 
limited plan of the present article. 

1. Preparation of hides. -^The first operation^ 
to which dried hides are submitted are a thorough 
soaking in water, and repeated rubbing and beat^ 
ing, or treading under feet, in order to soften 

VOL. II. 
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and bring thera as near as possible to the fi-esli 
state. Tlie beating is now commonly executed by a 
macliine quite simiJar to the fulling-mill of the wool- 
len manufacture, in which the hides are exposed to 
the long-continued action of two heavy wooden inal' 
lets or stoclts. 

When fresh or "green" hides are to be operated 
on, a long preliminary soaking in water is not essea- 
tial : such hides, after having had their horns remoTed, 
are simply washed in water in order to clear them 
of the blood and filth they may liave collected at the 
slaughter-house, and are then sometimes scraped 
with a knife on the flesh side, to remove any small' 
adherent portions of flesh or fatty matter ; but the 
scraping is generally performed at a subsequent part 
of the process, Salted hides are also occasionally 
scraped when in this stage, but dried hides are not. 
This scraping is executed on a wooden or stone horse, 
called the beam (se« fig. 29). The subsequent 
treatment of all kinds of hides is the same. 

The next process to which the hides are submitted 
has for its principal object the removal of the hair. 
Several different methods of acj:omplishing this object 
have been practised ; the oldest of which and that 
most extensively followed, both in Eiu-ope and ui 
America, consists in the application of a solution of 
lime. The vessels in which the hides are impreg* 
nated with the solution of lime are stone or brick- 
built cisterns, sunk in the ground. Several of these 
pits, containing lime-water, or very weak milk of 
lime, of three or four different strengths, are arranged 
together in a series. The softened and washed hides 
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are introduced first into the weakest lime-pits, and 

after having remained there for a day or two, are 

transferred to the next in gradation, and so on, until 

the hair and epidermis readily yield to the touch, and 

the hides present certain appearances indicative of a 

sufficient action of the lime. During the whole of 

this process it is usual to " handle" the hides about 

once a day in order to equalize the action. This 

process of handling merely consists in taking the 

hides up out of the pits and allowing them to drain 

in a heap for an hour or two, after which they are 

returned to the pits. It is a common practice to 

stir the liquid immediately before the introduction 

of the hides, so that each hide may be in contact 

with some solid particles of lime. 

The time requisite for the liming of hides varies 
from one to three weeks, and for the skins of sheep 
from two to five days; it being dependent on the 
texture of the hides and the state of the atmosphere. 
Lune-water does not continue the action a sufficient 
length of time without a frequent renewal of the solu- 
tion; hence it is always usual to have a little more 
Kme present than the water is capable of dissolving at 
once. It was formerly the practice of some tanners 
to take the hides out of the lime-pits after a few 
days* immersion, and pile them in a heap on the 
ground : having remained in this state, for about a 
J^eek, they were returned to the same pits from 
prhence they were taken, and after a short time 
igain taken out and drained ; these operations were 
•epeated untU the hair and epidermis could be easUy 
craped off*. 
When taken out of lime-pits, the hides are laid 

o2 
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' anglj apon an ftrefaed wooden or stone bench,! 
caDed the ^ beam," one end of which is raise 
ahevn in the annexed 6gare. \Mth the aseistaocel 




of a curved two-handled iron scraper, called the | 

unhairing knife, the beams-man then removes tie 

looBcneJ epidermis* and bail'; and afterwards with 

a similar but sharper instrument, called the fi 

ing knife, he removes the flesh and fat adhering to 

the other side, unless they had been separatfii 

I before the hide was limed. After another slight 

; scraping and a thorough washing in water, in 

, order to withdraw as much of the lime as possible, 

the hides are ready to be exposed to the tanning 

I infusions. 

In some other methods of unhairing the hides, 
the softening of the epidermis and the roots of ^ 

* Tiie epidermis ia incapable of combining with tannin and fbnniiig 
leathor ; the basiB of tliia roeiDbran^ being- homy matter, and not g«Iii- 
tinous tiEBUC. If the epidermis is alJowed to remain on the hide, the tin- 
liquor would penetraie only through the flesh side, and the process rf 
laiining would thereby be considerably lengthened. 
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hair is eflfected by the production of an incipient 
fermentation or putrefaction. With this view the 
Mdes, after having been laid in a heap for two or 
three days, are sometimes suspended in a close room, 
called the smoke-house, heated a little above the 
wdinary temperature by a smouldmng fire fed with 
spent tan, which does not bum with flame. In 
a simUar process, sometimes pursued in Germany, 
the hides are laid in a heap and covered with spent 
tan or some other imperfect conductor of heat, to 
confine the heat generated by the fermentative de- 
composition of the roots of the hair and other con- 
stituents of the hides. This process is attended with 
considerable risk, and is nowhere extensively adopted. 
In another process of the same nature, the hides are 
piled upon a bed of litter and covered with the 
same material for twenty-four hours. At the expi- 
ration of this period they are turned over, and are 
afterwards frequently examined to ascertain when 
this part of the process is complete. The pro- 
cess of liming, though objectionable, is far supe- 
rior to either of these fermentative processes, as the 
quantity of gelatinous tissue which is lost in the 
latter is generally much greater than that lost in 
the former. 

The processes in which the softening of the epi- 
dermis and roots of the hair is effected by an in- 
cipient putrefaction are practised much more ex- 
tensively on the Continent than in Great Britain. 
In the Parisian tanneries it is common to impreg- 
nate the hides which are to be subjected to these 
processes with a small quantity of salt, not suflGicient 
to prevent the decomposition and disintegration of 



the roots of the hair, but enough to retard the po- 
trcfaction of the gelatinous tissue. 

The softening of the epidennis and roots of the 
hair may also be effected by means of acids, sf- 
plied to the hides in. a state of a dilute aqueous 
solution. With this view, sulphuric acid, sour milk, 
pyroligiieous aoid, fermented barley and rye water, 
and a few other vegetable acidulous matters, have 
long been employed, the process of liming being thm 
altogether dispensed with. The acid liquid obtained 
by cx(;iting the acetous fermentation in a miitnre 
of barley or rye flour and water, was extensively em- 
ployed on the Continent at one time in the place 
of lime ; and this same liquid is still sometimes ap- 
plied for the purpose of swelling the hides after the 
removal of the hair by means of lime. An acid 
liquid prepared by digesting spent bark in a little 
■water for six months, or until the liquid became as 
acid as ordinary vinegar, was also used in some 
countries as another suhstitate for lime. 

Besides facilitating the detachment of the epider- 
mis and hair, all diluted acids possess the power of 
swelling the pores of the hide to a very consider- 
able extent, thereby enabling the tanning liquid 
to penetrate readily through the substance of the 
hide in the next part of the process. The hides 
also become swollen by the ordinary process of liming, 
but not to such an extent as when acids are applied; 
and it ia a common practice among some tanners 
to swell the hides, by means of an acid, after they 
have been cleansed and nnhaired by lime in 
usual manner. Sulphuric has been the only acid 
employed for this pui-pose for some time past, but 
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formerly various vegetable acidulous matters were 
used for the same purpose. 

The solution of sulphuric acid employed for swell- 
ing, or, as it is termed, " raising" tlie hides, may be 
made by mixing about one part of oil of vitriol 
with one thousand of water ; but the acid may be 
used of different strengths, and the hides be trans- 
ferred from a weaker liquor into a stronger until 
they are properly raised. By maintaining the liquor 
at a moderate heat, the hides may be sufficiently 
swelled in less than twenty-four hours. The leather 
prepared in this way is of excellent quality, and 
fetches a higher price than similar leather, in the 
preparation of which the swelling with sulphuric 
acid is omitted. Oxalic and tartaric acids possess 
the power of swelling hides to a greater extent 
than sulphuric acid, but the expense of these acids 
precludes their application in this process on the 
large scale. The use of sulphuric acid was pro- 
posed by Macbride in 1774. 

Of all the means of facilitating the removal of 
the epidermis and hair which have been alluded to, 
the most common is the old liming process ; but this 
method is not free from some important objections. 
That a considerable portion of the gelatinous tissue 
of the hide is disintegrated and decomposed during 
the liming process, being either removed from the 
hide in the form of soluble gelatin, or else so al- 
tered as to be rendered incapable of combining 
with tannin, can hardly be doubted, when we con- 
sider the energetic action which free lime exerts 
on organic bodies in general, and especially on animal 
tissues. 
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It is admitted by tanners that pelt wbidi has been 

k " higli-limed " does nut afibrtl so heavy a leather as 

IHM. which Una beea "low-limed," comparing tlie 

i of the dry hides before being limed; and 

I leatlier made from high-limed pelt is loose, 

irs out quickly. Could every part of the 

gdatinouti tissue originally contained in the hide be 

taado to combine witJi a full proportion of tannin, 

then oiie hundred parts of perfectly dry hide freed 

from all extraneous appendages should form, when 

Uttned by means of oak-bark, at least one hundred 

and seventy, or one buudrcd and eighty parts of 

Icallwr : the increase in weight, however, depends 

iu souio uivasurc on the strength of the tan-liquor, 

I mid aUo ou the kiud of tanning material employed, 
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I the hide frt.mi the tanning infusion, when the usual 

1 pn.Hiv« is followed, mrely exceeds fifty parts on one 

[ hundred of the dry hidfl ; and the increase in weight 

I i» itttll tojsti when the uiUiairing and cleansing are 

I lutustod by exciting an incipieut putrefaction ly 

I oitQ of tho processes alr^jady described (page 197). 

f In A tanning; process which has been of late pracr 

I liswl to u vi'ry large extent in North America, in 

Dfldoh tlie softening of the epidermis and the roots 

' id' Ihe liair is effected merely by the application of 

' Qoltl water, the increase through tanning is sa: 

Hiuomit to from fifty to eighty parts on one hundred 

of tho dry hide. This considerable increase in the 

quantity of tannin and. other matters absorbed by 

, the hide, compared with the quantity absorbed vhea 
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the liming process is followed, is referred wholly to 
the circumstance that very little or no decomposi- 
tion or alteration of the gelatinous tissue takes place 
daring the unhairing and cleansing. The leather 
made by exposing to the tan-liquors pelt with its 
pores saturated with lime-water, is also decidedly in- 
ferior in quality to that niade with the same kind 
of materials in a similar manner, with the exception 
of the pelt being freed from the lime as far as 
possible by washing and squeezing, before it is in- 
troduced into the weakest tan-liquor. The colour 
of the former leather is also darker than that of the 
latter.* 

The American process of unhairing and cleansing, 
Ebore alluded to, which is said to be followed almost 
uniTersally in the large tanneries of New York, 
Maine, and New Hampshire, and to be continued 
wherever once adopted, is thus described in an ar- 
ticle in the Journal of the Franklin Institute.f 
" First, a vault or pit should be prepared for the 
reception of the hides, which, for convenience sake, 
should be twelve feet long, twelve feet deep, and ten 
feet wide. The walls may be built of stone, or a 
frame and planked. There should be an alley or 
vestibule for entrance not less than six feet long, 
having a door at each end; the outer one being 
made double, and filled in with tan, to prevent the 
communication of warm dry air from without. A 
ventiduct, made of plank, ten or twelve inches square, 
should extend from the centre of the bottom of the 

♦ When pelt saturated with lime is soaked in the tan-pits, it presently 
becomes almost black, but the greater part of the colour disappears as 
the combination of the gelatinous tissue with tannin proceeds. 

t For Febraary, 1843. 
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r vaults, three or fuur rods therefrom, and placed not 
less than four feet below the surface of the ground. 
This serves both as a drain for discharging the 
water of the vault, and to admit damp cool air, to 
supply the place of that which has become rarefied, 
and thus keep up a current tlirough the ventilatflr 
I at top. The ridge of* the roof may be level with 
\ the surface of the ground : on the ridge, and extend- 
' ing its whole length, set up two planks edgewaya, 
two inches apart. Tbe space between these is to 
be left open, but cover the remainder of the roof 
L with earth to the depth of not less than three feet. 
I The covering of eai'th upon the vault and drain is 
I to preserve a low temperature for the hides, so that 
I they may unhair wittiout tainting. Spring-water 
f should be conducted, either in pipes or logs, around 
the angles formed by the ceiling with the walls of 
the vault; from which water should be allowed to 
flow in small quantities, either forming a spray, or 
■falling so as to raise a mist or vapour, and saturate 
pthe atmosphere of the vault. The temperature of 
spring-water is generally about 50° Fahr. As water 
evaporates at all temperatures, it is plain that, if a 
constant supply be afforded, this evaporation, by re- 
quiring a large portion of heat, would keep tbe 
temperature of the vault nearly uniform. To sus- 
r pend the hides in the pit, place three bars length- 
■■ways, at equal distances, near the ceiling, with iron 
f hooks two or three inches apart inserted therein. 
I Soak the hides as usual for breaking, then hang 
I them singly upon the hooks by tiie butt, spreading 
I them fully open. In the course of a few days, when 
the hair begins to loosen upon the upper parts, take 
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them down, raise the middle bar, and hang them 
by the other end mitil they will easily unhair. The 
hides should not be broken until they are taken 
from the vault, and ready to unhair. In a good 
vault, where the thermometer ranges from 44** to 
66"* Fahr., which it should never exceed, and where 
there is a free circulation of damp air, hides ge- 
nerally require, for unhairing, from six to twelve 
days. When the temperature falls below 44**, the 
ventilator should be partially closed; and when it 
rises above 56°, cold damp air must be forced in, 
or an increased quantity of cold spring-water may 
be thrown from a hose or otherwise." 

The loosening of the epidermis and the roots of 
the hair in this process is considered not to be the 
result of any putrefactive decomposition of a portion 
of the hide, but to be produced merely by the soften- 
ing action of the moisture, and this action seems to 
be confined to the surface or grain of the skin. But 
the temperature at which the operation is conducted 
is not low enough to prevent the occurrence of a 
very slight putrefaction, sufficient to disintegrate 
the roots of the hair, though probably not active 
enough to affect the gelatinous tissue. Against this 
idea it is urged, that no ammonia or other product 
of the putrefactive decomposition of animal bodies 
can be perceived in .the vault; but the traces of 
these substances, which would be formed, might be 
completely dissolved and washed away by the con- 
stant stream of water. This question is of very little 
importance, however, if the gelatinous tissue remains 
unacted on, as is stated by those who follow the 
process. The loosening of the roots of the hair is 
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always the fint eflfect of a pntrefactive decompo- 
sition of the hide ; hence purchasers estimate tk 
soundness of hides by the force requisite to pull oat 
the hair. 

2. Preparation of kips and skins. — In this 
country, kips and skins are commonly cleansed and 
unhaired in much the same manner as hides ; being 
first subjected, for about a fortnight, to the action 
of lime-water, or milk of lime of two or three dif- 
ferent strengths, and afterwards scraped with the 
unhairing and fleshing knives. But particular care 
is required in the preparation of skins, to extract 
the whole of the lime which has been absorbed pre- 
vious to subjecting the skins to the action of the 
tanning liquor. Lime, if allowed to remain in the 
skin in the unneutralized state, would tend to harden 
the leather considerably ; but upper shoe-leather, and 
other light leathers, which are always made from 
kips and skins, should be quite soft and flexible : 
hence arises the necessity for carefully removing the 
lime by the process called " graining." For this pur- 
pose, the kips and skins after having been limed and 
scraped, are commonly immersed in an alkaline 
lixivium, called the "bate" or "grainer," made of 
the dung of hens, pigeons, and other domestic birds, 
in which they remain from eight to ten days, accord- 
ing to the temperature of the liquid. During this 
period they are frequently stirred about, and are 
occasionally scraped upon the beam, either on both 
sides or only on one side. Ten or twelve gallons of 
the dung are sufficient for a pit capable of " bating" 
one hundred skins. 
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By these operations the skins become rendered soft 
and pliant, the lime having been almost completely 
separated. Formerly the skins were withdrawn from 
&e lixivium daily, and laid up in heaps to drain for 
half an hour. The process of bating then generally 
lequired nearly a fortnight. 

It seems probable that, so far as the removal of 
tiie lime from the skins is concerned, the most ac- 
tive constituent of the bate is muriate of ammonia 
(sal-ammoniac), an aqueous solution of which would 
dissolve unneutralized lime, with the formation of 
chloride of calcium and free ammonia. A great in- 
convenience which attends the use of the common 
bate (the fresh dung) consists in the destruction of 
a portion of the gelatinous tissue of the skin by a 
fermentation excited through the decomposition of 
the animal matters of the bate. In warm weather, 
the grain side of the skin often becomes seriously 
coloured from this cause, when the process is not 
properly attended to. The flesh side, however, is 
first affected, but that is not of so much importance 
as the grain side. It is probable that a purer ma- 
terial than the bate in common use might generally 
be employed with advantage, particularly in summer. 
The use of the carbonate of ammonia as a bate, with 
other improvements in the process of tanning, some 
of which are elsewhere alluded to in the present 
article, was made the subject of a patent by Mr. 
Bobert Warington, in 1841. Carbonate of am- 
jnonia does not dissolve the lime out of the skin, 
but destroys its causticity, by converting it into 
the carbonate, or chalk. 

If the fresh bate is allowed to stand exposed to 
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the air for a few days before being used, it is mnd 
less dlBposed to act injuriously on t]ie skin. Guano, 
which is the decomposing excrement of aquatic birds, 
has not the same action as tlie excrement of domestic 
\ tiirds. 

Sheep-skins, before being soaked in milk of lime, 
ibr the porpose of being uiiliaired, should be squeezed 
in order to express oa much as possible of the oil 
they contain. Bran-water is generally used as the 
I l»tc ill the preparation of sheep-skins. Seal-skins, 
• ■which, when converted into leather, are principally 
used for the bindings of shoes, are well scraped, 
previous to being limed, fur the same purpose. 

Before the hides and skins are exposed to the tan- 
I ning liquor, they are cut to a tolerably regular form 
t by paring off their edges, and the clippings thus oV 
l-tained are employed in the preparation of glue and 



I § in. MODES OF APPLYIXO TANNIN TO PREPAEED HIDES 
AND SKINS. 

It is generally admitted that the quality of the 
•leather made by the old slow tanning processes is 
l-decidedly superior to that of the leather made by 
rthe quick process now commonly practised by the 
tanners of this country, which differs from the old me- 
thods principally in the manner in which the tannin 
is applied to the prepared hides and skins. In one 
of the old processes, the hides, instead of being di- 
i in an infusion of oak-bark, were merely t 
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in contact with the powdered bark, the latter being 
dightly hnmid. A layer of spent bark, of about 
six inches in thickness, was first placed at the bottom 
of the tan-pit, the construction of which was just 
the same as that of those now used ; and upon this 
substratum was placed a layer of about one inch in 
tidckness of finely ground fresh bark. Over this 
layer a hide was carefully placed, so as to lie quite 
flat, and upon the hide another layer of fresh bark, 
which was surmounted by a hide and a layer of 
bark alternately, until the pit was completely filled. 
The whole was then covered by a stratum of six 
inches of bark, called the " hat," and compressed 
by being well-trodden under the feet. At the ex- 
piration of about two or three months, by which 
time the tannin of the bark had become united 
srith the animal fibre, the pit was completely em- 
ptied of its contents; and the hides, after being 
stretched, were again disposed in the pit, with a 
Tesh quantity of bark, in a similar manner. This 
process was again repeated three or four months 
ater ; and when the bark was supposed to be spent, 
md the leather almost fully tanned, the pit was 
sommonly nearly filled with a strong infusion of bark, 
^hich served to complete the process. 

As tannin can penetrate the hide only in a state 
)f solution, it is obvious that the process just de- 
icribed must have been extremely slow, for the only 
iquid present to dissolve the tannin was the water 
n the hides, and the hygrometric moisture of the 
)ark. It was usual in some places, however, to in- 
roduce to the bottom of the pit a little clean water, 
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the yapoor of which senred to aooderate the absorp 
tion of the tannin to a small extent^ by beooming 
condensed on the hark and hides. 

In the most conmion of the old tiwifiing processeB 
followed in this coontry, the tan-pit was filled to 
the brim with soft water, the hides and layers of 
bark having been first disposed in the manner above 
described. In the conrse of two or three months 
the pit was emptied and refilled as before, and this 
operation was repeated whenever the bark appeared 
to be spent. At the last filling of the pit, an in-* 
fusion of bark was sometimes used in the pkee of 
fresh water. This process is not yet entirely abaa" 
doned, and the quality of the leather it affords is 
superior. The average time required for tannifig 
a hide of moderate thickness in this way is two 
years. 

In a similar mode of tanning, which is still practised, 
hut umy now be classed among the old processes, 
an infusion of bark is used from the beginning to 
tlio end of the operation, in the place of clean water. 
Tlio hidoH and layers of bark are arranged as above 
described. The combination of the tannin with the 
animal fibre is thereby effected more rapidly than by 
cither of the preceding methods. 

Siiioe tlic close of last century, the mode of tan- 
ning by means of an infusion of the tanning material 
has gradually come to be adopted, either partially or 
entirely, in every extensive tannery in the country. 
In this process, the prepared hides and skins are 
always first introduced into an infusion which has 
been almost perfectly exhausted of its tannin, and 
are afterwards subjected to the progressive action of 
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aeveral stronger infiisions, until they become per- 
fectly tanned, no white streak appearing in the mid- 
dle of the section of the hide or skin. The infusions 
are generally arranged by the tanner into two kinds, 
according to their strength, namely, " handlers," and 
"layers" or "bloomers." The actual tanning of the 
hides and skins may be completed in a short time in 
the handlers ; the layers or bloomers, which are the 
strongest, being generally intended only to produce 
the deposit of " bloom." 

In the details of this process, considerable dif- 
ferences may be found in the practice of different 
tanners, and also in the preparation of different kinds 
of leather. These relate not only to the kind of tan- 
ning material employed, but to the mode of prepar- 
ing the infusion (some using cold water for this 
purpose, others hot water, and others the exhausted 
Uquor or other weak infusion*), to the strength of 
the iniusion, and to the manner in which the hides 
fffe laid in the pits. Some tanners place the hides 
in horizontal layers, others suspend them vertically, 
and others sew the skins up in the form of bags, 
which are filled with tan-liquor and immersed in the 
pit. The last method, which is known as the Da- 
nish, answers well for light skins, and is always fol- 
lowed in the tanning of the skins of sheep; but the 
great space it requires must prevent its general adop- 
tion in the tanning of hides on an extensive scale. 
The most common method of disposing the hides is 
in horizontal layers. 

In some tanneries, the tanning of the hides is 

* Some observations on the mode of preparing the infusions have 
already been made in another section of this article (page 190). 
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romvieusil b\ ui infiiBiaii cmlv: but tiie most ooi- 
uioi. practice i> t^* use- the infiisiaii alone only it |c 
tiif haiidieTfc. and hi the bloamens or larerB to in- 
tntdurt 6omt of the- jrroinid fresh msterial iriA t 
ivtTu: inhisioL. Some tannei^ introdnoe a Tcrf 
lirtit gromid bark in tin two or three stixii^ 
liuudier::. and use the smi}^ infiuBian anij in fle 
weaker ])h&. li' the prooesE^ is tc> be csanqileted by a 
iidusiou alone, thi' iiidep may be ^iumdlfid" (dit 
ib, uxk'm out oi' tin- pit and again introdnoei ehkr 
iutu the same or anndier ) onDe or tvnoe a daj viia 
iii the R]»ent iniiision& every aecond dsf irbea ii 
the stronger handlers, and once a ireek wbetL in tbe 
l^l'^jijuerg. In handling, the nsoal praelaoe is to tab 
out the hides br one at a time, and lav tliem dooUfid 
ill a heap on a doping irooden rac^ pHaoed over mte 
liaif of the pit. and after aHowing liiem to dnin for 
one or two hours, to return them to a fiqnor, the 
Ituii hide taken out being the £rst retamed. While 
lliey are thus lying in a heap, the pressure of tN 
mUHtr hides tends to force the spent liquor from the 
l^oi'eb of the lower ones, and therefore, we may sap- 
|M>be, U) render the latter more absorbent of the 
li<|iior int^) which they are next introduced. It is 
helieve^l, however, by some intelligent tanners, that 
any udvantugc which might be deriyed by aQowing 
thi5 UUWm to remain in a heap is more than counter- 
huhiuitud by some other action, which tends to injure 
thu (jimlity of the leather, and that if the hides and 
jskins artj traunferred immediately from one pit into 
uuothtu*, the leather they afford is much firmer, 
ttmgher, and has a better texture, than if they are 
ulluwed to drain in a heap. It is not improbable 
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/ftat the free access of air, in the latter case, may 
\ lie attended with some injurious effect. 
i When the hides are "raised" by being soaked in 
^4ilate sulphuric acid, after having been unhaired 
i nd cleansed by the usual liming process, it is com- 
^mon to tan them from the beginning by means of 
ihe mixture of the fresh tanning material and an 
iofosion, instead of the infusion alone. This is the 
yiOBt common mode of tanning hides pursued in Scot- 
land, and the leather thus prepared is distinguished 
by the name of " backs," or " vitriol backs." The 
tanning of skins intended for upper-leather is some- 
times begun and completed by the infusion, but it 
ifi usually begun in the handlers and completed in 
llie layers. 

A mode of tanning has been proposed and pa- 
tented by Mr. Osmond Cagswell, an American tan- 
ner, a modification of which might probably be 
adopted with advantage in the commencement of 
the tanning of skins. In this process the hides or 
skins are laid upon layers of sawdust or other soft 
porous material, contained in shallow rectangular 
boxes, of which any required number may be ar- 
ranged in a series, one box being placed about a 
foot over the next below it. The edges of the hides 
are raised a little so as to make of each hide a shallow 
trough, into which the tanning infusion is admitted. 
As the liquid becomes exhausted of its, tannin and 
filters through the hide and sawdust, it is allowed to 
pass off through a channel leading from the bottom of 
the box, and the hide is at the same time replenished 
with a fresh liquor. It is said that the tanning 
may • be effected very expeditiously in this way, but 

p2 
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it is necessary to immerse the hides in the tiui-pits p 
in the ordinary manner for three weeks or a month, 
in order to complete the tanning of the raised edges. 

This process would seem better adapted to com- 
mence than to complete the tanning of hides, as 
the percolation of the tan-liquor must become re- 
tarded as the combination of tannin ¥rith the hide 
progresses. The necessity for completing the tan- 
ning of the raised edges by the usual method is not 
considered an important objection to this process by 
tanners. The edges of a hide are much more easily 
tanned than the body, and an objection raised by 
many purchasers of leather to the modern quick pro- 
cesses is the over-tanning of the edges of leather thus 
prepared. The circumstance that in the above pro- 
cess no labour is required for the purpose of handling 
the hides while being tanned, would materially con- 
tribute to the practicability of this mode of tanning 
on an extensive scale, at least in this country. 

In a successful process contrived specially for the 
purpose of avoiding the labour of handling, the hides 
are fastened at one of their edges to a horizontal 
wooden frame, from which they are allowed to hang 
vertically in the tan-liquor. The frame being sus- 
pended by pulleys and a rope, all the hides may be 
lowered and raised at once. 

The facility with which hides become tanned is 
considerablyr affected by the presence of unctuous 
matters in the hide ; those parts which abound 
most in oils and fats being acted on with the greatest 
diflSiculty. An unequal distribution of fat, in fact, is 
one of the principal causes of the inequalities some- 
times perceived in the same piece of leather. During 
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the liming process, a portion, but not the whole, of 
the fat in the hide combines with lime and becomes 
thereby converted into an insoluble soap, which 
is inert, so far as the tanning infusion is con- 
cerned. 

As soon as the leather is taken out of the last 
blooming-pit, or layer, it is slightly washed in cold 
water ; a thorough washing is avoided, lest any por- 
tion of the bloom on the surface of the leather should 
be removed in this operation. After being allowed 
to drain, the leather is dried in a room at a moderate 
temperature, which may be heated, in winter, by the 
circulation of steam in pipes, but artificial heat 
should be applied only in very cold weather. The 
leather may be suspended on poles. 

Before it is thoroughly dried, the leather is sub- 
jected to a mechanical operation intended for the 
production of a smooth surface. In some tanneries, 
this merely consists in drawing a brass roller, about 
six or seven inches in diameter, over the grain side, 
the leather being laid flat on the floor. In other 
establishments, the leather, before being thus rolled, 
is " struck," or scraped with an iron instrument in 
the shape of either a three or four sided prism, fur- 
nished with a handle at each end, the leather being 
laid upon a sloping bench : this operation is very 
similar to that of "beaming" (fig. 29, page 196). 
Sometimes, instead of being struck or rolled, the 
leather is hammered upon a block,, and occasionally 
it is hammered after being both struck and rolled. 
The ** vitriol backs" prepared in Scotland are always 
hammered. After being thus treated, the leather is 
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returned to the drying-room, to be rendered com- 
pletely dry. 

Frequent allusion has been made in the course of 
this article to the yellowish-fawn coloured deposit 
from the tan-liquors, called the bloom, which is found 
not merely on the surface of the leather, but at a 
minute depth beneath.* The existence of this de- 
posit is almost essential to the sale of the leather, 
although it is subsequently removed by the opera- 
tions of the shoemaker or currier, and forms a use- 
less addition to the weight of the leather. It is not 
mere prejudice, however, on the part of the pur- 
chaser, that requires the tanner to allow the bloom 
to remain upon the surface of the leather. It is 
almost universally admitted that the quality of lea- 
ther made by the modern quick processes and by 
means of the tanning materials which have been so 
extensively introduced of late years, is inferior to 
that of leather made by the old slow processes, and 
by means of oak-bark. Now it happens that a good, 
healthy deposit of bloom is not easily obtained unless 
considerable time be allowed for the tanning ; and 
while most of the new tanning materials produce a 
bloom differing in appearance from that produced by 
means of oak-bark, some of them yield hardly any 
bloom at all. For these reasons most purcha^rs of 
leather consider the presence of a good bloom to be 
an evidence of the goodness of the leather. Some 
observations on the blooming powers of different tan- 

^ It is confidently affinned by some tanners that small solid particles 
may bo absorbed into the substance of the hide in the process of tan- 
ning : if so, there is no mystery in the presence of bloom beneath the 
surface of the leather. 
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ning materials have already been offered in a pre- 
Tious section. 

The nature and composition of bloom are involved 
in some uncertainty. The circumstances of the for- 
mation of this deposit would suggest the probability 
of its being gallic acid, but bloom is far less soluble 
in water than that acid. According to the author 
of the article on Tanning in the last edition of the 
Encyclopaedia Brittanica, this deposit consists of a 
portion of. the gelatin from the interior of the skin, 
dissolved by the exhausted ooze which remains upon 
the surface by capillary attraction ; and to avoid the 
waste and deterioration occasioned by its formation, 
it is recommended to remove the exhausted ooze by 
careful pressure^ That such is not the constitution 
of bloom, however, seems to be pretty evident, from 
several circumstances. In the first place, it does 
not appear that the compound of tannin with ge- 
latin or gelatinous tissue is capable of being dis- 
solved to an appreciable extent by any quantity of 
the exhausted ooze, or of a strong solution of tannin 
(see note, page 223), such as that with which the 
hides which have been fully tanned in the handlers 
lie in contact, when in the bloomers or layers ; and 
certainly tanno-gelatin could not be dissolved in this 
way, and reprecipitated in sufficient quantity to form 
such an abundant deposit as the bloomers and layers 
are found to contain when emptied. A specimen of 
this substance afforded me no traces of ammonia on 
destructive distillation, alone ; when heated with 
fused potash, a faint trace of ammonia was disen- 
gaged, perceptible only by test-paper. Hence ni- 
trogen, which enters into the composition of gelatin. 
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does not appear to be an essential constituent of 
bloom, and the nitrogen in the trace of ammonia 
disengaged in the above experiment was derived in 
all probability from some impurity. Moreover, a 
deposition of bloom, or, at all events, of a substance 
which is considered to be bloom by tanners, takes 
place from a tan-liquor which has not been in con- 
tact with gelatinous tissue. 

A specimen of this substance examined by my^ 
self, a little darker in colour than ordinary bloom, 
was insoluble in hot and cold water, and in dilate 
muriatic acid; the greater part was readily soluble 
in a weak solution of potash, from which it was re- 
precipitated by muriatic acid. In concentrated sul- 
phuric acid it dissolved, but was reprecipitated on 
the addition of water. The alkaline reaction of a 
solution of caustic potash on red litmus paper was 
completely prevented by applying an excess of this 
deposit ; hence it may be considered to possess the cha- 
racters of an acid. But it had not sufficient energy to 
displace carbonic acid from an alkaline carbonate. It 
was infusible, and burned with very little or no flame. 

In each of these characters, this bloom possessed the 
closest resemblance to ellagic acid^ which is the 
yellowish-grey insoluble powder deposited, together 
with gallic acid, from an infusion of gall-nuts on 

* Name derived from the French §a//c transposed. There is very 
little reason to douht that the bloom found on leather which has been 
tanned by means of those materials only which contain the same 
variety of tannin as exists in gall-nuts, consists almost entirely of el- 
lagic acid : but the nature of the bloom varies a little according to the 
variety of tannin made use of. When catechu is employed as the tan- 
ning agent, the bloom consists, according to Mr. Cooper, of catechuic 
acid, which forms the greater part of the portion of catechu insoluble in 
cold water. 
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exposure to the air. By boiling this precipitate in 
water, the whole of the gallic acid may be dissolved 
out. Ellagic acid is a product of the decomposition 
of tannin, and not of gallic acid, and it is not pro- 
duced in any appreciable quantity from a weak in- 
fusion of gaU-nuts. Admitting the identity of bloom 
and ellagic acid, or even a close analogy between 
these bodies, we hence perceive why the weaker 
"handlers," and nearly spent liquors, which are 
poor in tannin, but rich in gallic acid, afford no 
bloom; while the fresher and stronger "bloomers" 
and "layers," which are comparatively rich in tannin, 
yield an abundance of this deposit. 

The prejudice of purchasers requires that both 
upper and sole leather should possess an uniform 
fawn colour; and, generally speaking, the quality 
of the leather is considered to be related in some 
degree to the colour, the best being lightest. This 
objection to dark-coloured leather consists, in reality, 
in an objection to leather prepared by the modern 
quick processes of tanning, and by either of the tan- 
ning agents which have been so extensively employed 
of late years in the place of oak-bark. The strong 
tan-liquors used in the quick processes always afford 
to the leather more colouring matter in proportion 
to tannin than the weak infusions used in the old 
process ; and all the new tanning materials afford 
far more colouring matter than oak-bark. It is by 
no means certain, however, that dark-coloured lea- 
ther is always of inferior quality. 

The fresh infusions of all tanning materials con- 
tain more or less of a brown colouring matter, which 
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IB capable of becomiiig penmnently attached to the 
animal tissae; bat the proportioii of this ccdooriiig 
matter is greatly increased hj the expoaoie of the 
infusion to certain chemical agents, the most imr 
portant of which, so Cu* as relates to the procesB 
of tanning, are alkaline bodies, and a sooice <^ fine 
oxygen. Every tanner is acquainted with the fret 
that bodies of an alkaline nature, pardcolaily linM, 
possess the property of instantly deepening the cokNir 
of his liquor to a very considerable extent;* and tiiet 
though the very deep colour which pek tiiat contaios 
unneutralized lime acquires at the commencement 
of the actual tanning disappears as the process sd^ 
vances, yet the colour of the leather thus prepared is 
always darker than that made from pelt which had 
been freed from lime as far as possible before being 
introduced into the tan-liquor. A solution of a 
caustic alkali, or an alkaline carbonate, added to a 
liquor not sufficiently concentrated to allow (^ the 
formation of a precipitate of tannate of the alkali, also 
produces a very considerable and an immediate deep- 
ening of the colour of the liquor. 

Tanning infusions likewise become considerably 
darker in colour by exposure to the air throu^ 
the absorption of oxygen, though the formation of 
colouring matter from this cause is slow, and hence 
frequently unheeded by the tanner. The consti- 
tuents of the tan-liquors which are thus concerned 
in the production of colour are, for the most part, 

* In the cose of lime, the liquid actually becomes a little lighter in 
colour ; the appearance of a deepening in colour being produced by the 
formation of a bulky precipitate, almost black, which remains for some 
time suspended in the liquor. 
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members of that class of bodies which have been 
designated ^^ extractive matters/' of the chemical 
Mstory of which very little is known. The only 
£stingaishing character assigned to extractive mat- 
ters is the property of forming colourless or yellowish 
sdations in water, which, on exposure to the air, 
absorb oxy^n and disengage carbonic acid, and 
tiiereby become converted into sparingly soluble sub- 
stances of a dark brown colour, which were named 
apotheme by Berzelius. But this property is pos- 
sessed by several substances, which differ from each 
other considerably in other respects. All the varie- 
ties of pure tannin are susceptible of this change, 
to a greater or less extent; particularly the tannin 
of catechu, which is colourless or light yellow when 
pure, but rapidly becomes blood-red when freely 
exposed, in aqueous solution, to the atmosphere. 
Hence the circumstance which favour the forma- 
tion of colouring matter should be avoided, for the 
i^e of preserving the tannin as well as to prevent 
the leather acquiring a dark colour. It has been ob- 
served that an infusion of divi, prepared with little 
exposure to the air, is not nearly so dark-coloured 
as that made with free exposure ; and that the 
colour of leather prepared by means of infusion of 
divi alone, in a closed vessel, as in the process al- 
luded to at page 226, is unobjectionable, while the 
leather prepared by divi alone in the usual process is 
so dark as to be almost unsaleable. Every tanner is 
also acquainted with the fact that the uppermost hide 
in the tan-pits is always the most deeply-coloured; 
for which reason the same hide is not allowed to 
be the uppermost in two successive immersions. 
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The introduction of deoxidizing agents into the 
tan-liquors would no doubt retard, in some degree, 
the formation of colouring matters by the absorption 
of oxygen ; but there is probably no substance of this 
nature which would not act injuriously on the tan- 
nin in some way or other, as, for instance, by pre- 
cipitating it, or by exciting its fermentative decom- 
position.* The exclusion of the atmosphere, as ftr 
as possible, from the preparation of the inftision to 
the completion of the blooming, would doubtless be 
the most practicable and efficient method of prevent- 
ing the production of so much colour. 

I have been informed that the tanners of Scotland 
generally endeavour to limit the access of air to the 
tan-liquors as much as possible, but such is not 
the general practice of the English tanners. 

One of the earliest invented of the processes for ex- 
pediting the impregnation of hides, &c. with the tan- 
ning liquor, by the application of a mechanical force, 
was made the subject of a patent by Mr. Francis 
Spilsbury, in 1823. 

The process of Mr. Spilsbury was conducted in 
the foUowing manner. After being freed from hair 
and otherwise prepared by the ordinary methods, the 
hides were minutely examined to discover any acci- 
dental holes, which were carefully sewn up so as to 
render the hide water-tight. One of the hides to 
be tanned was stretched tight over the edges of a 

* The employment of " vegetable matters and chemical agents capa- 
ble of retarding oxidation, such matters or agents to be used with the 
tanning agent employed," is one of the claims in Mr. Warington's 
patent (page 205). 
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rectangular wooden frame; and on the hide was 
placed a second similar frame, which was screwed to 
the first frame by bolts passing through projecting 
ears. On the second frame was placed another hide ; 
and on that, a third frame, which was tightly fast^ 
ened to the others, so as to make the edges water- 
tight. The whole thus formed a flat water-tight 
vessel, bounded by the two hides and the middle 
frame. The apparatus was then placed in a vertical 
position, and tan-liquor admitted into the cavity 
between the two hides by a pipe leading from an ele- 
vated cistern, through an opening in the middle frame. 
The air in the vessel was allowed to escape by an- 
other opening in the frame, ftirnished with a stopcock, 
which was closed as soon as the bag became filled 
with tan-liquor. The pipe communicating with the 
bag and the cistern containing the tan-liquor was 
left open, to allow the hydrostatic pressure of the 
liquid column to force the solution through the pores 
of the hides by a slow infiltration, the liquid thereby 
making its appearance on the outsides of the hides 
like drops of dew. When the tanning was judged 
to be completed, the stopcock of the pipe from the 
cistern was closed, and the liquor drawn off by 
another stopcock ; the bolts were then unscrewed, 
the frames removed, the compressed edges of the 
hides clipped off, and the hides finished off in the 
ordinary manner. 

Some modifications of this ingenious, process have 
been introduced, most of which, like the original, 
have been abandoned ; the quality of the leather thus 
made being inferior to that made by the old method. 

In the process patented by Mr. William Drake of 
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Bedminster, in 1831, the hides, prepared in the 
ordinary manner, were first slightly tanned in a weak 
liquor as usual, and two of about the same size and 
shape were carefully sewn together at their edges, so as 
to form a water-tight bag, in which the tan-Uquor might 
be introduced, a small hole being left at one end for 
admitting the nose of a funnel. The bag thus made 
was placed between two vertical wooden racks, to 
prevent it from bulging at its sides when fiUed with, 
cold tan-liquor, which was introduced through the 
aperture at the end of the bag, now the top. The 
bag being constantly kept distended, the liquid slowly 
penetrated to the outside of the hides in drops, which 
were collected and returned to the bag through the 
funnel. Towards the close of the process, when the 
hides began to feel hard, the temperature of the apart- 
ment in which the tanning was conducted was con- 
siderably raised, so as to facilitate the percolation of 
the liquid by promoting the evaporation from the ex- 
'terior surfaces of the hides.* 

In another process quite similar to the above, 
patented by Mr. Chaplin, the bags containing the 
tanning liquor were placed in an inclined position, 
and turned over at regular intervals, to equalize 
the tanning of the hides. 

Neither of these infiltration processes has proved 
very successful; partly on account of the unequal 
permeability of hides, which allows of the perco- 
lation of the liquid and absorption of the tannin 

* To prevent the formation of permanent indentations in the leather 
from the bars of the racks, it was necessary to shift the bags sideways 
a little occasionally. This inconvenience is avoided in the plan con- 
trived by Mr. Cox, in which the bags are supported in a casing of can- 
vass instead of wooden racks. 
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much more readily in some parts than in others. 
It has also been suggested that the excess of tan- 
nin to which the hides are exposed in these pro- 
cesses acts injuriously by dissolving a portion of the 
^atinous tissue, which is found in combination yrith 
an excess of tannin as a slimy mass on the outer 
aides of the hides, the lealther being thereby ren- 
dered lighter and more porous.* I am informed 
that the process of Mr. Chaplin, however, is still 
followed on an extensive scale (chiefly by himself), 
but the quality of the leather thus made is very 
inferior. 

The first of the objections noticed in last para- 
graph does not apply to so great an extent to an- 
other niode of accelerating the impregnation of hides 
With tannin, which consists in suspending them in 
an air-tight vessel, from which the air is afterwards 
withdrawn by an exhausting pump, and the tan- 
liquor then admitted and forced into the pores of 
the hides by hydrostatic pressure. After a time, 
the tan-liquor, which should be weak at first, is 
withdrawn, the vessel again exhausted of air, and 
a fresh quantity of tan-liquor stronger than before, 
introduced. These operations may be repeated se- 
veral times, with infusions increasing in strength, 
until the hides are completely tanned. Different 

* This explanation of the fonnation of the slimy mass is offered hy 
the author of the article on Tanning in the seventh edition of the En- 
cyclopedia Brittanica. I have not micceeded^ however, in obtaining a 
solution of tanno-gelatin (made with infusion of nut-galls) in an excess 
of solution of tannin, although the aggregation of the precipitate into 
that peculiar tough, adhesive mass which it forms when stirred about in 
the liquid, was avoided. Tanno-gelatin may be easily dissolved, how- 
ever, in a solution of gelatin. 
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processes of this kind have been practised by various 
tanners, the earliest introduced of which was made 
the subject of a patent by Messrs. Knowlys and Dues- 
bury, in 1826. In all these vacuum schemes, the 
abundant evolution of bubbles of air or some other 
gas from the tan-liquors when admitted into the 
exhausted vessel, is found to be an inconvenience 
of no slight importance. 

Another mode of tanning may be here alluded to, 
which consists of a combination of the old Danish plan 
with the modern infiltration process. * In this, the 
hides or skins are sewn up into bags, filled with tan- 
liquor, and subjected to the hydrostatic pressure of 
a column of liquor, as in the processes of Spilsbury 
and Drake; but the bags are kept immersed in the 
tan-pit during the whole process, as in the Danish 
method. 

An ingenious mode of causing the absorption of 
tannin to take place with more rapidity than in the 
ordinary process was made the subject of a patent 
by Messrs. Herepath and Cox, of Bristol, in 1837. 
The principle on which this method is founded, is 
that of washing a piece of cloth or a sponge, by 
allowing it to imbibe water, and then expressing the 
dirty liquid before the cloth or sponge is placed in 
clean water. As a sponge may be more readily 
cleaned by expressing the dirty water in its pores, 
and then allowing cleaner water to be absorbed, than 
by simply placing the sponge saturated with dirty 
water in clean water without expression, so the tan- 
liquors may be made to penetrate the hide more 
readily by squeezing out the impoverished liquor 
absorbed at one pit, before the hide is exposed to 
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the next pit in succession, than by transferring the 
hide at once from one pit to the next, with its pores 
Batnrated with a liquid which has been completely 
deprived of its tannin. The mode of compressing the 
leather to get rid of the impoverished infusion, 
adopted by the patentees, consists in passing the 
Jhides between two rollers, worked by steam or other 
power ; the upper roller being pressed against the 
lower one with any required force by means of 
weighted levers. The lower roller, which is about 
thirty inches in diameter, is covered with horse-hair 
doth ; the upper one is only about eighteen inches 
in diameter, and is covered with woollen cloth. Be- 
tween these rollers, a pair of which is erected over 
jeaoh tan-pit, the hides are drawn once a day, or 
oftener (not merely when they are transferred from 
one liquor to another); they being connected to- 
gether, for this purpose, by strings so as to form 
one continuous belt. To form a tolerably uniform 
band, the hides are arranged alternately head to 
head, and tail to tail, or else, with the heads and 
tails towards one side alternately. 

The time required for tanning a strong hide by 
this process is said to be from one to two months, 
and for kips and skins from three to four weeks. 
The thickest sole-leather, known as "butts," may 
be sent to the market within four months from the 
time of the receipt of the hides. 

If the pressure to which the hides are exposed is 
not too great, the quality of the leather made in this 
way is good; but an excessive pressure produces a 
permanent condensation of the leather, which is fre- 

VOL. II. Q 
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quently found to be very injnrious to the sale of the 
article thus made. 

Of all the methods which have been suggested for 
the purpose of accelerating the process of tanning 
by mechanical means, that which seems to be en- 
titled to preference is the following, as practised 
at the extensive tannery of Mr. Squire of Warring- 
ton. It is better adapted to the tanning of skins 
and kips for upper-leather, and various kinds of 
oflFal, than for that of hides for sole-leather. The 
prepared hides and skins are introduced with sonae 
of the fresh tanning material and a hot tan-liquor 
into a horizontal wooden cylinder, the length of 
which is about ten feet, and the diameter about 
five feet. The hides, &c., are introduced through 
an opening in the side of the cylinder, to which 
a water-tight lid is adapted, the vessel being about 
four-fifths filled; when the lid has been properly 
secured, the cylinder is rotated on its axis, at a velo- 
city of about six or eight revolutions per minute, 
and is kept in a state of constant motion. The 
side of the cylinder is furnished, on the interior, 
with several short projecting ridges, for the purpose 
of increasing the agitation of the hides and pre- 
venting their becoming rolled into a ball. When 
the liquid and tanning material become exhausted 
of their tannin, which happens in a very short time, 
they should be removed and replaced by fresh ma- 
terials and a hot liquor, since contact with a spent 
liquor is very injurious to leather. 

The superiority of this process seems to arise from 
its presenting a combination of three conditions, of 
great importance in the operation of tanning, and 
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.•which are found united in no other process. These 
«re, 1**, the constant agitation of the hides and skins; 
^% a warm tan-liquor; and S"*, the absence of at- 
■mospheric air. Through the motion of the skins 
-and the heat of the tan-liquor, the time required 
for the combination of the animal fibre with tannin 
is considerably reduced, fourteen days being sufficient 
to tan thick kips perfectly ; and as the access of air 
to the tan-liquor is almost completely prevented, the 
inconveniences which result from exposure to the air, 
particularly the formation of dark colouring matters, 
are in a great measure avoided. The colour of lea- 
ther prepared with divi alone by this process is un- 
objectionable ; but the infusion of the same material 
applied to the hides in uncovered tan-pits produces 
leather of a dark reddish-brown colour, sometimes 
quite unsaleable at the current prices. Leather pre- 
pared by the above process, however, is rather de- 
ficient in bloom. 

In the best leather, the relative position and ar- 
rangement of the fibres is as nearly as possible the 
same as in the original hide or skin ; and, in general, 
the greater the distortion of the fibres, the less dura- 
ble is the leather. The section of a piece of weak lea- 
ther prepared by some of the modern quick processes 
presents a much more perpendicular structure than 
that of leather made by the old method, and also than 
that of the original hide. This arises, in a great 
measure, from the hide becoming swollen in one 
direction only in the early part of the process, and 
not returning to its original thickness as the tanning 
advances. 

Q 2 
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The skin of the hog is difficult to tan completdy, 
owing to the presence of a considerable quantity of 
fatty matter, not easily removed or saponified by 
lime. Saddles are usually made of the leather pre- I 
pared from such skin. The human skin also re- 
quires a considerable time to be properly tamied. 
Horse-hides require a long treatment in the hand- 
lers, else the leather they afford is very liable to 
crack. 

Of late years, a great quantity of thin and cheap 
leather has been made from hides split by a machine 
into halves; the half with the grain side, which 
produces the best leather, being used for shoes, and 
the half with the flesh side for inferior purposes. 
Great quantities of sheep-skins are also slit into 
halves ; the grain side being used for preparing 
glove-leather, and the flesh side for wash-leather.* 

The average cost of tanning thick sole-leather has 
been estimated at very nearly fourpence half-penny per 
pound of leather. Of this sum, threepence is con- 

* Several years ago, a patent was obtained by Messrs. Bevington for 
a iliachine for splitting skins with the greatest certainty desirable, by 
which all the irregularities arising from the unequal thickness of the 
skin are confined to one of the halves, either the flesh or grain side, as 
may be desired. The skin to be split is extended quite flat and passed 
between two horizontal rollers, nearly in contact, and revolving slowly in 
opposite directions. Immediately opposed to the aperture through 
which the skin passes is the sharp edge of a long knife, which has a 
vibratory horizontal motion ; by this the skin becomes divided into two 
thicknesses, one of which passes over, and the other under the blade. 
The thickness of the slices may be equal or unequal, according to the 
adjustment of the knife opposite the aperture between the rollers. In 
order to obtain one of the slices of uniform thickness and all the irre- 
gularities in the other, one of the rollers is made of several discs, so ad- 
justed that any of them may move up or down a little, and thus allow 
an enlargement or a contraction of the opening between the rollers when- 
ever the varying thickness of the skin which passes, renders it necessary. 
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sidered to be expended in the tanning material, and 
the remainder in labour, rent, Ume, &c. 

Since the selling price of sole-leather in butts 
is from ninepence to eighteen-pence per pound, and 
the average cost of tanning fourpence halfpenny per 
pound, it is obviously to the pecuniary advantage 
of the tanners to cause the hides to combine with as 
much tannin as possible, without injuring the quality 
of the leather. All leather prepared in the ordinary 
manner contains a considerable quantity of tannin 
more than is necessary for the complete saturation 
of the gelatinous tissue. This excess is not chemi- 
cally combined witli the tissue, but merely mechani- 
cally attached to the exterior of the fibres, in the 
same manner as soluble colouring matters 'become 
attached to animal charcoal. By digesting clippings 
of leather in water, some of this mechanically at- 
tached tannin may be dissolved out. 



A patent has been recently obtained by Mr. Julius 
Bordier for a process for converting hides and skins 
into leather, by impregnating them with some me- 
tallic or earthy substance, in the place of tannin. 
This process is an application of one like that of 
tawingj which has hitherto been practised only on 
light skins for the preparation of glove and fancy 
leathers, to heavy skins. Instead of alumina, how- 
ever, which is the earthy substance imparted to the 

Since only one of tKe rollers is capable of yielding in this way, it follows 
that all the irr^^arities will be found on the side of the skin in contact 
with that roller, the thickness of the other side being unifonn. The 
time required for splitting a sheep-skin of average size by one of these 
machines at Messrs. Bevington's is two minutes. 
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skin in the process of tawing, the patentee prefew ; 
a preparation of a body of the same nature, namely,, 
peroxide of iron. By this process the preparation 
of thick sole-leather may be completed in a fortnight 
or three weeks. The leather thus made is said to 
be more durable than that produced by the ordinary 
means. 

After having undergone the ordinary operations 
of washing, unhairing, and swelling, the hides and 
skins are ready to be submitted to the action of 
the earthy or metallic solution. The preparation 
which is considered to be best adapted for the im^ 
pregnation of hides is the subsulphate of the per- 
oxide of iron, that is, a compound of sulphuric acid 
and peroxide of iron, containing an excess of the 
latter constituent. , To prepare this substance, two 
hundred-weight of bruised copperas may be dissolved 
in about fifteen gallons of boiling water contained 
in a copper boiler. When the solution is complete, 
it is run off into a wooden vat, not very deep, of the 
capacity of about forty-four gallons, where it is 
mixed, first, with about forty-four pounds of sul- 
phuric acid of spec. grav. 1*848, and after agita- 
tion, with forty-four pounds of finely powdered black 
oxide of manganese, added by degrees. The agita- 
tion should be continued until the disengagement of 
gas ceases, and be afterwards repeated at intervals, 
until the mixture is cold. The solution may then 
be diluted to any required strength by the addition 
of water. Instead of using concentrated sulphuric 
acid, two hundred-weight of pounded copperas may 
be dissolved in a leaden boiler, in sixty-six pounds 
(avoirdupois) of unconcentrated sulphuric acid (of 
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grav. 1-530), and one hundred and thirty-two 
IKMuids of water. Another process for preparing a 
Bcdntion of the subsulphate of peroxide of iron is 
described by the patentee, in which the peroxida- 
tion of the iron is effected by means of nitric acid 
instead of peroxide of manganese. Before being ap- 
plied to the hides or skins, these solutions are always 
Donsiderably diluted with water. When digested in 
the liquor thus made, the hides and skins gradually 
become impregnated throughout their entire thick- 
oess with an insoluble subsulphate of the peroxi<io 
rf iron, while free sulphuric acid, sulphate of man- 
ganese, and a little protosulphate of iron (copperas) 
xemain in the liquid, unabsorbed. From six to eight 
days are said to be a sufficient time for the com- 
plete impregnation of hides, and three or four days 
for the impregnation of skins. The effect of the 
subsulphate of iron on the animal fibre is to render 
it completely imputrescible ; but the leather, when 
taken out of the liquid, is as permeable to water as 
that tanned by the ordinary processes. The requi- 
site impermeability, and the proper degree of tough- 
ness and tenacity, are afterwards imparted by the 
process of currying. 

Similar in principle to the above method of pre- 
paring leather is a proposed mode of preserving hides 
and skins which are intended to be afterwards tanned 
in the ordinary manner, instead of drying or salting. 
This method consists in subjecting the fresh hide or 
skin to the action of corrosive sublimate, which, when 
applied in solution, would combine with the animal 
fibre, and render it imputrescible. The practical 
superiority of this to the common modes of preserving 
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* roiniorly, nftrr moistening the leather, and before equalizing its 
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mil, hnwt'ver, the present practice. 
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insists of a piece of hard wood, flat on the upper 
ide and rounded on the lower, capable of being af- 
ixed to the hand by a leather strap. The lower 
surface of this instrument is covered with a number 
)f transverse parallel grooves. After being thus 
rubbed, the leather is once more scraped with a broad 
biife, to equalize its thickness, and is then " dubbed" 
inth oil, tallow, a composition of lamp-black and 
unctuous matters, or some other greasy material, 
According to the quality of the leather, and the 
purposes for which it is required. It. is, lastly, 
polished by means of hard wooden rubbers. 

Such is a general view of the principal operations 
of which the process of currying consists; but they 
are considerably varied in their details, according 
to the kind of leather operated on, and the uses to 
which it is to be applied. Shoe leather is blackened 
on the flesh side, but for some purposes leather is 
blackened on the outer or grain side ; in which case 
it is moistened with a solution of copperas in water, 
which gives rise to the formation, on exposure to the 
air, of the black tannate of the peroxide of iron. 



§ IV. PREPARATION OF LIGHT AND FANCY LEATHERS. 

The different varieties of fancy or light leather 
may be arranged into three classes, distinguished from 
each other by peculiarities in the mode of manufac- 
ture. These are, leather tanned by means of sumach, 
tawed leather, and oiled leather. The most impor- 
tant of the varieties of leather tanned by means of 
sumach only is Morocco leather^ of which a great 
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quantity is used for chair-covers, coach-linings, book- 
binding, case-making, ladies' shoes, &c. Roan and 
skiver are two other varieties of sum^h leather; the 
first of which is used for book-binding, and for mak-. 
ing shoes and slippers, and the other for pocket-books, 
hat-linings, work-boxes, &c. Tawed leather is chiefly 
used for making ladies' shoes and common gloves; 
and oiled leather for making riding gloves, and as 
wash-leather. 

Morocco leather.* — The finer kinds of Morocco 
leather ("true Morocco") are always prepared from 
goat-skins ; but the inferior, or " imitation Morocco," 
is made from sheep-skins. The routine of operations 
to which goat-skins are subjected preparatory to the 
actual tanning differs little from the common pro- 
cesses of cleansing and unhairing hides and skins, 
as described in a previous section. After being 
soaked in water for several days, and scraped on the 
flesh side, they are generally soaked in lime-water 
for about a month ; during which time they are fre- 
quently taken out of the liquid, allowed to drain 
in a heap, and again immersed, in order to equalize 
the action of the lime. When the hair can be easily 
pulled off with the fingers, the skins are unhaired 
upon the beam in the usual manner (page 194) ; after 
which they are again soaked in lime-water for a day 
or two, and then fleshed. Before being exposed to 
the tanning infusion, the skins are freed from the 

* An interesting and sufficiently detailed account of the modes of 
preparing Morocco and other kinds of fancy leather followed at the 
Neckinger Mills, Bemiondsey, is contained in " A Day at a Leather 
Factory," forming No. 8 of the first series of " Days at the Factories," 
and No. 652 of the Penny Magazine. ■ 
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greater part of th;e lime contained in their pdres by 
being digested in a lixivium of hen-dung or some 
such impure alkaline solution; after which they are 
well scraped and again immersed in the liquid. Each 
skin is then sewn up into the form of a bag, with 
the grain side outwards, only a small hole being 
left, suflScient for the introduction of the nose of a 
funnel ; and each bag is nearly filled with a strong 
decoction of sumach. The bag having been com* 
pletely distended by blowing into it, in order to free 
it from wrinkles and enable it to float dn water, is 
thrown with several others into a large shallow 
vessel filled with a weak infusion of sumach, in 
which it is kept for about three or four hours, being 
occasionally moved about by manual labour. Once 
during this process the bags are taken out, com^ 
pressed by being piled in a heap, and again subjected 
to the tanning liquor. When the tanning is com- 
pleted, the skins are unstitched, rinsed, rubbed out 
as smooth as possible on a sloping board, and lastly, 
hung up to dry. When quite dry, they are ready 
for the process of dyeing,* the principles of which 
are precisely the same as those of cotton, silk, and 
wool-dyeing operations. The mordant, which is 
usually a preparation of either tin or alum, is first 
applied (if any is required); and afterwards the 
colouring infusion, as decoction of cochineal to pro- 
duce a crimson and scarlet, or decoction of logwood 
to produce a puce colour. A blue colour is im- 
parted by a solution of sulphate of indigo or by the 
common blue- vat ; violet, by cochineal-red and a 

* At some leather-factories the dyeing is sometimes performed before 
the tanning. 
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light indigo-blue applied consecutiTely ; and black, 
by a solution of dyer's iron-liquor (acetate of iron) 
applied to the grain side only. As this leather is 
in general required to be dyed only on one side, 
it is usual to place two skins in dose contact before 
dyeing, the sides coloured being outermost. Aft^ 
being thus dyed, rinsed, sometimes slightly oiled on 
the grain side, and thinned upon the flesh side, the 
skins are subjected to a kind of currying process, by 
which their original softness and pUability are re- 
stored. This consists either in passing them in a 
humid state two or three times in different directions 
between two cylinders revolving nearly in contact; 
or in rubbing them by the hand with instrmnente 
of different degrees of hardness, one of which is a 
small wooden ball or roller having on its sur&ce a 
number of fine parallel grooves, which impart to the 
Morocco the peculiar grain which distinguishes that 
kind of leather. A surface of cork is sometimes 
used as the last rubber for Morocco leather. 

The routine of operations followed in the prepa- 
ration of "imitation Morocco" from sheep-skin is 
much the same as that described above. But whe- 
ther these kinds of skins are tanned by means of 
sumach for making Morocco, or by means of oak- 
bark for making common leather, they are almost 
always passed through a powerful press (after having 
been stripped of their wool by the fellmonger) that 
the greater part of the unctuous matters with which 
they abound may be expelled. If allowed to re- 
main, these matters would materially impede the 
action of the tan-liquor. 
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Skiver and Roan. — The kind of leather called 
skiver is prepared from sheep-skins split by machine 
when in the state of pelt, and tanned by means of 
sumach. Being more easily penetrated by the tan- 
ning infusion than whole goat-skins, these split skins 
are not commonly sewn up into bags like the former, 
but are immersed in the liquor in the open state. 
£oan is generally prepared from sheep-skins by 
means of sumach, in just the same manner as Mo- 
rocco ;. but this kind of leather -does not present the 
grained appearance of Morocco leather, imparted by 
the grooved ball or roller. 

The " enamelled leather" used for ladies' shoes, 
belts, &c., is also prepared by means of sumach, the 
skin being either that of the calf or the seal. The 
gloss is communicated by a peculiar varnish. 

Leather prepared by means of alum {kid- 
leather). — The process of preparing alumed leather 
is technically known by the name of " tawing." 
The skins which are made the subjects of this pro- 
cess are those of the kid, the sheep, and the lamb ; 
and the resulting leather, which is particularly soft, 
is mostly used for gloves, and shoe-linings. The 
principal operations in this art, as practised on kid- 
skins, are, 1**, soaking the skins in water for a few 
days, for the purpose of softening them ; 2**, " break- 
ing," or scraping with a blunt knife on the flesh side, 
the skins being laid upon the beam ; 3°, liming for 
about a fortnight, and unhairing and fleshing in the 
usual maimer ; 4*", soaking in a fermenting mixture 
of bran and water, and " striking" on the beam with 
an iron instrument, for the purpose, principally, of 
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removing the lime ;* 5% soaking for a few minutes 
either in a mixture of alum and common salt, dis- 
solved in water, or in a mixture of solution of alum 
an4 salt, with flour and yolk of eggs ; and &% wash- 
ing, drying, and " staking." f 

The aluminous compound, by combining with which 
the skins l>ecome converted into leather, is considered 
by Berzelius to be a subchloride of aluminum. By 
the re-action of common salt (chloride of sodium) 
and alum (sulphate of alumina and sulphate of pot- 
ash), there are produced chloride of aluminum, sul- 
phate of soda, and sulphate of potash : the chloride 
of aluminum becomes resolved by the skins into a 
subcliloride and a perchloride; the former, which is 
the least soluble, combines with the animal tissue; 
while the latter, together with the sulphates of 
soda and potash, remains in solution in the liquid. 

Flour and yolk of eggs are added to the mix- 
ture of alum and salt only in the preparation of 
tho liner kid-leather, the beautiful softness of which 
is attributed to the use of these materials. One 
hundrod skins require from six to eight pounds of 
aluui, and about as much salt ; and for fine kid- 
hnitlu^r, the yolk of one egg may be employed for 
viich skin. The impregnation of the skins with the 
t^nuils'u>n Is commonly effected in an open tub, the 
nuiss being either worked about by the hands, or 

♦ 'rin>» in j^robably ciFccted by the solvent power of the acetic acid 
voutuinctl in {\w bran-water. 

t Tbo opomtion of staking consists in forcibly drawing the skin by 
tbo htiiul ovor tbo edge of a semi-circular iron plate, fixed upright, with 
ItH rotuul otige uppermost, to the top of a wooden stake about two feet 
n\\ iuoboM in height. By this scraping the skins become rendered soft, 
nnd rtmooth. 



PREPARATION OF LIGHT AND FANCY LEATHERS. 2B9 

trampled upon with the naked feet. Sometimes the 
mixture and skins are introduced into a small barrel 
(as in the tanning process described at page 226) 
through an opening in the curved side, and the 
mass is agitated by rapidly rotating the barrel. 

The preliminary operations to which lamb-skins 
are subjected in the preparation of imitation kid- 
leather differ from those above described. After 
having been steeped in water and scraped on the 
flesh side, the skins, which are supplied to the 
leather-dresser with their wool still on them, are al- 
lowed to undergo an incipient putrefaction, to loosen 
the roots of the wool, by being suspended for from 
four days to a week in a close room, protected as 
much .as possible from the vicissitudes of the at;- 
mospheric temperature. The softening of the roots 
of the wool cannot be conveniently effected by the 
application of lime, as that material would exert an 
injurious action on the wool itself, which is disposed 
of to hatters for making the bodies of common hats. 
After the skins have been scraped on the flesh side 
and deprived of their wool, they are steeped in lime* 
water, fleshed, soaked in fermenting bran-water, and 
then exposed to the mixture of alum and salt, a$ 
already described. 

When tawed with the wool on, as for mats and 
similar articles, the sheep-skins are doubled, with 
their wool side inwards, so as to expose only the 
flesh side to the tawing mixture. Calf and other 
skins with their hair still attached are also occa^ 
sionally converted into leather. 

Chamois leather.— Tho. peculiarity in the prepa- 
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ration of chamois leather, or the process of ^^ shamaj 
ing/' consists in the application of oil to the skin 
in the place of tannin or a preparation of alum. 
Formerly, leather was prepared in this way only 
from the skin of the chamois-goat, but the skins 
of sheep, deer, and other animals are now subjected 
to the same process. The mode of preparation is just 
the same, whether for fine chamois leather or for that 
coarser kind known as wash-leather. After having 
been subjected to the usual preparatory operationB 
of washing, liming, scraping, and fleshing on the 
beam, and steeping in fermenting bran-water to re- 
move the lime, the skins are wrung and then beaten 
as dry as possible, in the trough of a fulling-mifl, 
similar to that used in the woollen manufacture, 
the two hammers of which fall on the skins in suc- 
cession. Having been thus beaten until quite dry 
to the touch, the skins are ready to be impregnated 
with oil ; for which purpose cod-oil is generally used, 
but any cheap animal oil may be employed. In 
some leather-factories the skins are taken out of 
the mill, exposed for a short time to the air, be^ 
smeared separately with oil, and then returned to 
the mill, that the oil may be beaten into the pores 
of the skins; the airing, oiling, and falling being 
several times repeated. But in other factories, at 
the Neckinger mills, for instance, the oil is poured in 
small quantities at a time upon the skins while in the 
mill. When the oil first applied has been entirely 
absorbed, the skins are taken out of the mill, extended 
flat, and exposed to the air for a short time; after 
which they are returned to the mill, and beaten with 
a fresh quantity of oil. This is repeated several 
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times, until from two to three gallons of oil hare 
l)een absorbed by one hundred skins. When thus 
folly impregnated with oil, the skins are allowed 
to undergo a slight fermentation, which is considered 
to cause a more intimate combination of the oil 
with the animal fibre, and which also probably acts 
beneficially by destroying some easily decomposed 
constituent of the skin, the putrefaction of which 
at another time would be less manageable. This 
fermentation sometimes requires to be assisted by 
the application of a slight heat. The skins are 
lastly immersed in a weak solution of potash, which 
serves to remove the redundant oil, by forming with 
it a soluble saponaceous compound. 

A considerable quantity of chamois leather is pre- 
pared from the least regular portion of split skins; 
the other part, which is of uniform thickness, being 
either tanned by sumach or tawed by alum and salt. 
The grain side of the skins is usually removed pre- 
vious to the application of the oil, by scraping with 
a knife or rubbing with pumice-stone, whereby a 
softer surface is obtained. In the process of making 
oiled leather, the animal tissue undergoes much less 
alteration than in the tanning and tawing processes. 
The oil, in fact, produces no chemical alteration of 
the fibre ; and the indisposition of the latter to pu- 
trefy may be referred in a great measure to the 
thorough expulsion of the fluids and the consti- 
tuents of the skin, soluble in cold water, through 
the action of the fulling stocks. That the gelatinous 
tissue undergoes no essential alteration is evident 
from the circumstance that chamois leather may be 
easily resolved into glue by the action of boiling 

VOL. II. R 
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water. Of late« a kind of leather has been pie- 
pared by first lightly tanning the skins in the oi- 
diuary manner bT means of an infusion of willow 
bark, and afterwards impregnating them with oil 
ill the fulling mill.* 

Russia leather. — In Russia, this variety of fancy 
leather, which is valued on account of its not being 
subject to mould when kept in a damp situation, and 
also from being repulsive to insects, is prepared by 
tanning the skins of calves, sheep, and goats with 
H warm decoction of willow-bark, then dyeing them 
of a reddish colour by a decoction of red sanders 
wood, and afterwards applying, by a sort of curry- 
ing process, an empyreumatic oil prepared by dis- 
tilling the bark of the birch-tree, which imparts 
the {Peculiar odour by which this kind of leather 
is distinguished. The loosening of the roots of the 

*''' Tltc iiu{»ort«uioc of the English chamois leather manufacture has 
i\iK'ik-ucvd a coiu«idonible decrease of late years. In reference to this 
suUjcct, Mr. Aikin made the following statement, in one of his lectures 
lut'oiv tlic Society of Arts. " Till a few years ago, there was an im- 
iiicitMC 4uuiitity of the skins of sheep, goats, and deer shamoyed in 
Ki Inland. Breeches of this article, either white or dyed, were conmionly 
woiii hy pcibuns whose occupations or amusements led them to be much 
i»ii horseback. 'I'hey were worn by most of the cavalry of Europe ; and 
till' K%^lihh Nhamoycd leather, being of extraordinary good quality, was 
rmpluycd in clothing, not only our troops, but the cavalry of Prussia, 
Vur^tria, and mojit of the other German States. In the campaigns in 
S|>;(iu, during the last war, it was discovered by the British commander 
tliat tho health of the horse-soldiers was seriously affected, in wet weather, 
'.\ I he leather that they wore ; which, fitting close to the skin and being 
\ :i,; in ilrying, chilled the men, and rendered them liable to rheumatism 
. ' other diseases. Woollen cloth was accordingly substituted ; and 
I vAuniple having been followed by Austria and Prussia, this change 
■wtusioiied a great decline in that branch of the English leather 
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hsk or wool, preparatory to tanning, is said to be 
effected by soaking the skins in a weak wood-ash 
^e, the active constituent in which is carbonate 
€f potash.* 

* The use of a solation of c&rbonate of soda or carbonate of potash, 
&r soaking hides and skins in order to facilitate the removal of the hair, 
9na one of the subjects of a patent granted in this country a few years 
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CAOUTCHOUC; 

ITS PROPERTIES AND APPLICATIONS. 

The extraordinary properties which caoutchouc 
possesses have acquired for this remarkable sub- 
stance a great number of interesting applications 
in the arts and manufactures, in which no other 
known substance can be employed as an efficient 
substitute. 

Caoutchouc is derived from the juices of several 
Asiatic and American trees, particularly F^cus 
elasttca^ Jatropha elastica^ and Urceola elastica. 
It may also be obtained from the juices of the 
Smildx caduca^ Asclepias vincetoxicum^ Ficus 
religiosa^ and several other trees. The Asiatic 
caoutchouc is derived, for the most part, from the 
Picus elastica^* and the South American and West 
[ndian from the Jatropha elastica. 

In the cooler seasons of the year incisions are 
made around the tree, completely through the bark, 

* The Ficttf elastica is larger than any of the other trees in the 
jxtensive forests in which it ahonnds, and may he recognised at a dis- 
ance of several miles hy the picturesque appearance produced hy its 
ofty and dense crown. It grows either solitary or in groups of two 
md three. The circumference of the trunk of one was found to measure 
10 less than seventy-four feet, and the height of the central tree of a 
[roup of three was one hundred feet. It has heen computed that there 
.re more than forty-three thousand of these trees within a length of 
hirty miles and hreadth of eight miles of forest near Ferozepoor in 
he district of Chardwar, in Assam (Mr. William Griffiths). 
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and the milky juice which exudes is immediately 
applied in successive layers to moulds of unburnt 
clay, each layer being dried either by exposure to 
an open fire or to the air and sun, previous to the 
application of the next layer. When the coating is 
judged to be sufficiently thick and dry, the clay 
mould, which, in the West Indies and South America, 
has usually the form of a pear, is broken, and the 
fragments are withdrawn through the neck; the 
caoutchouc thus comes to have the form of a flask, 
in which state it is exported. From the East Indies 
caoutchouc is exported in the form of large junks 
and balls, lighter in colour than that brought from 
South America, which are obtained by allowing the 
juice to inspissate by exposure to the sun. The 
juice itself has of late been imported into Eurojie 
in small quantity, in closely stopped vessels. If kept 
cool and carefully protected from the air, it may 
be preserved for a considerable time without solidify- 
ing. The jiiice afforded by old trees is said to be 
much richer in caoutchouc than that got from young 
trees, and that drawn in cold seasons richer than 
that drawn in hot. The incisions are repeated once 
a fortnight, and are not confined to the trunks ; but 
are extended to the larger branches, even to the 
top of the tree. According to Mr. Griffiths, the 
richest juice is extracted from the larger reflex roots, 
which are half exposed above ground.* 

The juice is of a pale yellow colour, and has the^ 
consistence of cream. It is readily miscible witl*^ 
water and with alcohol, but not with the properr 

* A specimen of the juice analyzed by Mr. Faraday, contained th^ 
following ingredients : Water, 
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adrents for caoutchouc, as coal naphtha, and the 
fiqoid which caoutchouc itself affords on destructive 
distillation. If exposed to the air, it acquires a 
aonr odour firom the putrefactive decomposition of 
Ae nitrogenized matter which it contains ; and if in 
a thin layer, it affords in a few days a solid deposit 
€f elastic caoutchouc. On the application of heat 
to the juice, the suspended caoutchouc aggregates, 
and may be obtained in a tolerably pure state by 
being merely washed in water and dried by pres- 
aore between folds of cloth. To - obtain pure caout- 
dumc in this way, it is convenient to mix the juice 
with four or five times its volume of water before 
Inlying heat. 

As imported, caoutchouc is always more or less 
impure, and is sometimes fraudulently mixed with 
earthy matter. The dark colour of South American 
and West Indian caoutchouc is derived, for the most 
part, from the smoke of the fire over which it was 
dried ; when quite pure, it is transparent, colourless, 
and inodorous. When a bottle of caoutchouc is cut, 
the layers are distinctly visible; and if a mass is 
soaked in boiling water, they may even be detached. 

Water, containing a little free acid 6C' 37 

Caoutchouc 31*70 

Albumen 1*90 

Wax a trace 

A nitrogenized body soluble in water 7*13 

A substance insoluble in water 2*90 

100-00 

Two samples of caoutchouc juice, examined by Dr. Ure, did not 
afford any appearance of coagulum when mixed with alcohol of sp. 
gr. O-SSd. It is hence inferred that albumen is not an essential con- 
stituent of the juice. 
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When a piece of caoutchouc is suddenly stretched, 
it becomes warm, and also electricallj excited. Af- 
ter having been digested in warm water, it may be 
extended to seven or eight times its original length 
without having its contractile power destroyed. 
If a bottle of caoutchouc is softened by a slight 
soaking in sulphuric ether, or by long boiling in 
water, it may be inflated by means of a syringe, 
or by the mouth, until it becomes so thin as to 
ascend if filled with hydrogen gas. If the bag is 
dried while in the expanded state, it does not con- 
tract on making a puncture for the air to escape. 
A bag has been made in this way of between six 
and seven feet in diameter. 

If exposed to temperatures near the freezing point 
of water, caoutchouc becomes hard, possessed of little 
elasticity, and much more opaque than when warm. 
Long quiescence at common temperatures produces 
similar changes. If a thin sheet in this state is 
exposed to a gentle heat, it softens, and at the same 
time becomes more translucent, as if from the lique- 
faction of a constituent which is solid at low tem- 
peratures.* 

* Some interesting observations were made by Mr. Gough of Kendal 
on the connection between the elasticity of caoutchouc and its tempe- 
rature (Thomson's Organic Chemistry, Vegetables, p. 696). If a soft 
thong of this substance, of two or three inches in length, and a few lines 
in breadth and thickness, is forcibly stretched and applied to the lips, 
a very sensible increase of temperature may be perceived ; but on allow- 
ing the thong to relax to its former state, there is a slight production of^ 
cold. If a thong is stretched, plunged immediately into cold water, and 
kept extended for a few minutes in the liquid, it loses much of its con— 
tractile power, not returning to its former dimensions when allowed to 
relax. But if now plunged into warm water, or if held for a short tim^ 
in the warm hand, it absorbs heat, begins to contract, and is soon re- 
duced to its former figure and size. Before 
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• When heated to about 248°, caoutchouc melts, and 
Temains viscid for a considerable time. It is some- 
titnes used as a lute in this state where a high 
temperature is not required, but a considerable time 
elapses before it regains its original solidity. It im- 
mediately inflames by contact with a lighted taper, 
and bums with a white flame and much smoke, 
emitting at the same time a peculiar and rather 
offensive odour. At Cayenne, in Guiana, and some 
other countries where caoutchouc is readily obtained, 
it is made into torches, which afford a very good 
Ught. 

Caoutchouc is quite insoluble in water, both hot 
and cold. K boiled in water for a considerable time, 
it softens and swells up, and the dark-coloured caout- 
chouc becomes translucent on the edges from the 
removal of the foreign impurities. If two pieces 
are pressed together for some time in this soft state, 
they imite as firmly as if they formed one piece.* 

Before threads of caoutchouc can he adapted to a textile manufacture, 
Aey must he deprived of their elasticity. This is effected hy stretching 
the thread to seven or eight times its original length (wherehy it be- 
comes extremely hot), and keeping it extended (on a reel) for a fortnight 
or three weeks. It may then be worked, and the elasticity may be 
immediately restored at pleasure by the application of a gentle heat. 

Caoutchouc suffers an increase in density by being extended. The 
specific gravity of a thread stretched to seven or eight times its original 
lengthy and kept in that state for a fortnight or three weeks to deprive 
it of contractfle power, was found to be 0*948732. When the elasticity, 
and with it the original length, was restored by warming the thread in 
the hand^ the specific gravity increased to 0*926939 (Dr. Ure). 

* Caoutchouc tubes, which are of great service in the laboratory for 
connecting different parts of a pneumatic apparatus, may be easily made 
by fastening a piece of sheet caoutchouc tight around a glass tube and 
boiling it for some time in water. A more expeditious method of 
making the tube consists in folding a piece of sheet caoutchouc round a 
cylinder, and cutting off the superfluous edges with a sharp and dean 
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Caoutchouc may be digested in alcohol for a consi- 
derable time without being dissolved or altered, but at 
length it becomes soft, though no portion is dissdvei 
In ether, which has been well washed to remoTe any 
alcohol that may be present, caoutchouc dissdhes 
with facility; and when the solution is eTspoisiei 
at common temperatures, the caoutchouc is obtained 
unaltered, but with a fresh adherent surface like 
that presented by a recent cut. An ethereal solu- 
tion of caoutchouc may therefore be employed for 
making instruments of this substance of any form, 
as the milky juice of the Ficus elasticay but the 
expense of ether in this country would be a material 
impediment to the extensive adoption of such a wo- 
thod. Other solvents will be noticed presently, eqnallj 
efficient and far less expensive. 

At common temperatures the concentrated mi- 
neral acids have little or no action on caoutchouc. Oil 
of vitriol, in the cold, only carbonizes it superficiallj; 
but on the application of heat the caoutchouc is 
completely decomposed, carbonic acid and sulphurous 
acid gases being evolved. Muriatic acid is with- 
out action on caoutchouc ; nitric acid, with the 
aid of heat, decomposes it with evolution of ni- 
trogen and carbonic acid gases, and oxalic acid 
remains behind. The caustic alkalies act slowly on 
caoutchouc, rendering it soft and glutinous, and 
dissolving it in small proportions with the assistance 
of heat. 

Caoutchouc belongs to the class of hydrocarbons, 

pair of scissors, and then carcfiilly pressing together the clean firesh-cat 
edges. If quite iree from dirt and not ragged, the fresh edgts unite 
firmly, and produce a perfectly air- and water-tight joint. 
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tmt some nncertainty exists as to its exact compo- 
fltion, from the difficulty of obtaining it in a per- 
fectly pnre state. An analysis by Mr. Faraday af- 
forded results which correspond to 8 eq. of carbon 
and 7 eq. of hydrogen ; and another, by Dr. Ure) to 
8 eq. of carbon and 2 eq. of hydrogen. 

Caoutchouc is dissolved by linseed and other fixed 
oils, but such solutions do not afford a deposit of 
caoutchouc on exposure to the air. 

It is also soluble in many essential oils, and the 
solutions leave, on evaporation at a gentle heat, 
a residue of caoutchouc, which, from the greater 
number of oils, remains glutinous for a considerable 
time, and is not therefore adapted for all the ap- 
plications of this substance in its ordinary state. 
It happens, however, that from oil of turpentine 
the caoutchouc is obtained as firm and solid as it 
iras before being dissolved. The turpentine solu- 
tion, in fact, may be employed for any of the pur- 
poses to which the ethereal solution or the juice of 
the Mcus elastica is applicable. Aided by a mo- 
derate heat, the caoutchouc being cut into small 
shreds, and the mixture contained in a close vessel, 
the solution takes place with facility ; a dark viscid 
liquid is obtained, which may be applied by a brush 
to any surface to which a coating of caoutchouc is 
to be imparted. If assisted by a gentle heat, the 
desiccation takes place rapidly, and the caoutchouc 
remains perfectly solid. Any inconveniences which 
arise from the adhesiveness of the fresh surface may 
be obviated by sprinkling on it a very small quantity 
of a fine powder, such as dry starch. 

A liquid more commonly employed as the solvent 
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of cftoatchooc is coal naphtha or coal oil, which is 
a product of the distillation of coal tar. The sd- 
Tent power of this liquid on caoutchouc was first 
oUserred bj Mr. Mackintosh, and applied by him 
on an extensive scale for the production of a textik 
fabric impenrious to water. The chief inconye- 
mence which attends the employment of this liquid 
is the disagreeable odour which it permanently com- 
municates to the goods. 

When caoutchouc is digested in its own weight 
of hot naphtha, it swells up to more than thirty 
times its original bulk ; and forms a thick glutinoiis 
mass, from which, when exposed in a thin layer to 
the air, the naphtha soon volatilizes, and leaves a 
solid and firm deposit of caoutchouc. To make the 
solution on the large scale, about half a ton of ca- 
outchouc, cut into small lumps, is introduced into 
a cast-iron pot, of nearly four feet in diameter, fur- 
nished with a revolving shaft of wrought iron, about 
four inches in diameter, for the purpose of agitating 
and rubbing the caoutchouc. A quantity of coal 
naphtha, somewhat less in weight than the caout- 
chouc, is then introduced, and the box is closed with 
a lid. The solution is effected in two or three days. 
The application of external heat is unnecessary, as 
sufficient heat is generated by the attrition. 

The common water-proof cloth, consisting of two 
pieces of cloth with an interposed layer of caout- 
chouc, is made in the foUowing manner. One of 
the pieces of cloth is drawn horizontally betweeB 
two wooden bars, the upper of which is faced with 
steel, and the caoutchouc solution is thickly plastered 
on the cloth by a wooden spatula, as it advances 
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awards the bars. The two bars are so adjusted as 
K) leave a very narrow slit between the cloth and 
iie upper bar, whereby the caoutchouc solution is 
iistributed evenly over the surface. The cloth is 
lext suspended in a well ventilated apartment for a 
few days to dry, after which a second and a third 
soating are applied in a similar manner. 

Two pieces of cloth, thus prepared and nearly dry, 
ire brought evenly into contact with their caoutchouc 
surfaces face to face, and immediately passed be- 
tween two wooden rollers with pressure, whereby the 
saoutchouc surfaces become strongly adherent. The 
doth is lastly suspended until quite dry, and freed 
as much as possible from the disagreeable odour of 
the naphtha. 

A fabric of a similar nature to the preceding has 
been lately substituted for leather in the fillet cards 
fpr the cotton and tow manufacturers. It consists 
either of several alternate layers of strong cloth 
and caoutchouc, or of two sheets of caoutchouc with 
a piece of cloth interposed, or of two pieces of cloth 
with an interposed sheet of caoutchouc. 

From the extreme adhesiveness of the fresh sur- 
face of caoutchouc, the naphtha and turpentine so- 
lutions may often be employed with advantage as 
a cement. Thus a very thin layer of caoutchouc 
carefully applied to the back of a book is suffici- 
ently adherent to bind the leaves together firmly, 
without the trouble of stitching or sewing. In the 
patented method of binding books by means of caout- 
chouc (invented by Mr. William Hancock) the sheets 
are folded in double leaves, and when properly ar- 
ranged in a press, the caoutchouc solution is applied 



xhr^ <f {mt tioMsf to tbt hack, one eosting bong 
dii^i pfftrTijQf u* iht fl{ipliciliioii of tlie next The 
lAXid <4 ciiAii i<x t^ Ittck iDd ades is tlieEL cemented 
Uf tbe liC»A villi the cacmtdioiic BDlntum; after which, 
tie U.4ii>diii^ 2^ Completed in die ordinary manner. 

C&.u:/:L<«c i^ xk^ baa£ of one of the ppeparalioDS 
kiiowL &^ Jeffrey's Marine Glae, wliich is fonned hj 
addiixg to a a«>lation of one pound of caontchooc in 
four gallons <^ cmde nafdidia, made in the cold with 
occasional agitadcou shell lac or gum he in the pio- 
portion of two parts by weight <^ lac to one part 
of the solution, and the mixture is heated and stiiml 
in an iron ressel prorided with a tap at its lower 
part. When the caontchonc solnticm and lac are 
thoroughly incorporated^ the mixture is drawn off 
by the tap while hot, and poured ont on slabs to 
cool. When required fw use, it is heated to about 
250'' Fahr., and applied as ordinary ^ue. As this 
cement is not liable to be softened by water, like 
(X)nimon glue, it is very valuable for nniting pieces 
of wood, &c., which are to be submerged in if^ater. 

When caoutchouc is heated in a distillatory ap- 
paratus to a temperature considerably above its 
uiclting point, it is decomposed, and the greater 
part is resolved into a vapour, which is capable of 
b(dng condensed into a mixture of several oily liquids, 
some of which are possessed of very remarkable pro^ 
perticH. The mixture is generally known by the 
iiamcj of caoutchoucine. 

The proper temperature at which the distiUatioQ 
Hhould be performed is about 600'' Fahr. A dark- 
culoured oily liquid distils over, to the amount of about 
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eighty-three parts from one hundred of caoutchouc, 
nothing remaining in the still or retort but charcoal 
and the dirt of the caoutchouc. The process of dis- 
tiUation is facilitated by mixing the caoutchouc with 
some of the liquid distilled at a previous operation, 
in the proportion of one part of the liquid to two 
parts of caoutchouc. 

When the dark-coloured product of the first dis- 
tillation is subjected to several re-distillations, it be- 
comes limpid and colourless. By changing the re- 
ceiver as the distillation advances, and the tempe- 
rature of the boiUng point rises, the liquids which 
cx)nstitute the mixture may be separated to a great 
extent through their great difierence in volatility: 
the most volatile constituent boils at about 90°, and 
the least volatile at about 680°. 

The chemical composition of these oily liquids 
has been made the subject of investigation by Dr. 
Daiton, Dr. Gregory, Himly, and Bouchardat. Ac- 
cording to Himly, they are all composed of carbon 
and hydrogen in the proportion of five eqs. of car- 
bon to four eqs. of hydrogen, which is the same pro- 
portion as exists in oil of turpentine. By careful 
rectification he obtained one liquid, the boiling point 
of which was constant at 339° Fahr., to which he 
applied the name caoutchine. Its specific gravity 
was 0*842. Another portion, which boiled at 97°, 
was found by Dr. Gregory to have very nearly the 
same composition as defiant gas, that is, the same 
number of equivalents of carbon as of hydrogen. 
When this liquid was treated with sulphuric acid, 
it became black, evolved sulphurous acid, and on 
the addition of water yielded another oil of the 
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same composition, which boiled at a temperature 
above 428". 

By surrounding the receiyer with a freezing mix- 
ture, Bouchardat obtained a liquid, the boiling point 
of which was below 32'* Fahr., to which he applied 
the name caoutchene. This is supposed to be iden- 
tical with one of the products of the destructiTe 
distillation of oil, recognised as a distinct substance 
by Mr. Faraday, having the same composition in one 
hundred parts as defiant gas. Its specific gravity 
was so low as 0*654. After the more volatile oik 
distilled over, there remained behind in the retiMrt 
a liquid, which has received the name of hev^ne, 
the boiling point of which was 599'' Fahr. Its sp. 
gr. was 0*921. It was found by Bouchardat to have 
the same composition as caoutchene. 

The mixture of these liquids, or caoutchoucine, 
is an excellent solvent of caoutchouc, and also when 
mixed with some strong alcohol, of the various resins, 
especially of copal, which it dissolves without the 
aid of heat. It readily mixes with oils, causing 
them to become more fluid, and as it evaporates 
quickly is found to be a useful vehicle in some 
cases for oil-paints. Mr. Barnard procured a patent 
in 1833 for its applications in the arts ; but the low 
price of coal naphtha, compared with that of caout- 
choucine, must prevent the latter from being largely 
employed as a solvent of caoutchouc. 

The caoutchouc stoppers for bottles, for the manu- 
facture of which a patent was obtained by Mr. 
Brockedon, are made in the following manner. Wool, 
cotton, or other fibrous material, is felted into a roll 
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of the diameter and length required, and to such a 
degree of hardness as will leave the stoppers suf- 
ficiently soft and elastic. The roll is then coated 
with a solution of caoutchouc (either in naphtha or 
turpentine), which is allowed to become nearly dry ; 
and over the fresh surface of caoutchouc thus obtained 
is laid a piece of very thin sheet caoutchouc, the sur- 
fece applied to the roll having been previously rubbed 
with the caoutchouc solution to cause it to adhere 
firmly. The roll is then cut into proper lengths for 
stoppers, and the ends are covered with caoutchouc 
in a similar manner. 

The combination of the shreds and small lumps of 
crude caoutchouc into a large block, from which a sheet 
may be cut, is efiected by attrition and compression. 
In one method, the caoutchouc is first cleansed by being 
cut into small pieces, which are washed with water, 
and dried on hot iron trays. The pieces are then lami- 
nated by being passed between two iron rollers, and 
washed at the same time by a stream of water. This 
operation is repeated so long as the caoutchouc re- 
tains any foreign matters capable of being removed 
by washing. 

The caoutchouc is then introduced into a strong 
iron cylinder, the interior of which is furnished with 
projecting spikes. The line of the axis of the cylin- 
der is traversed by a strong shaft of wrought iron, 
which is also furnished with projecting spikes. By the 
revolutions of the iron shaft, the cylinder being fixed, 
the caoutchouc becomes kneaded, or "ground" (as 
termed by the workmen), evolves considerable heat 
from the rapid expansions and contractions which it 
suffers, and aggregates into a single elastic lump. 

VOL. II. s 
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both for roads and for buildings exposed to wet, as a 
liaing and top covering. for waUs, &c». 
' To ma^e these slabs, the caoutchouc is reduced to 
a pasty state by attrition in a cylinder with a re- 
volving axis, as already described ; and when in that 
state, a quantity of slightly charred saw-dust is in- 
troduced into the cylinder, and intimately mixed with 
the pasty caoutchouc. As much saw-dust is intro- 
duced as the caoutchouc will' take up without losing 
its adhesiveness^ The mixture is then taken out of 
the cylinder and submitted to pressure iti an iron 
mould 5 a quantity of coarse sand being applied to 
that part of the mould which is opposed to the part 
intended to form the upper surface of the block. 
The blocks remain in the mould under pressure until 
they are cold. For roads through which there is con- 
siderable traffic, the thickness of the slabs may be 
three inches ; for footpaths, one inch ; and for a cover- 
ing for walls, a quarter of an inch. They may be 
placed on any convenient substratum, and are ce- 
mented together at their edges by the solution of 
caoutchouc in naphtha. Sand may be used instead 
of saw-dust in the composition of the slabs ; but the 
latter is preferred by the patentee of this inven- 
tion. 

Caoutchouc was not introduced into Europe pre- 
vious to the beginning of last century. Nothing was 
known of its origin except that it was a vegetable 
production, until the expedition of the French Acade- 
micians to South America, in 1735, in order to mea- 
sure a degree of the meridian, when it was ascer- 
tained to be an inspissated juice, and an account of 

s 2 
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the discovery was sent to the French Academy the 
following year by M. de la Condamine. In 1751 M. 
Fresnaa also commonicated some observations on the 
subject to the Academy, and the Memoirs of that 
body for the year 1768 contain an account of the 
properties of caoutchooc by M. Macquer. 

The importation of this snbstance into Great Bri- 
tain has now reached several hundred tons yearly, 
and is continually on the increase. Its importance 
as an article of commerce is such that some of the 
West Indian planters are said to make the latrapha 
elastica the only object of their extensive cultiva- 
tion. 
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BORAX, AND THE BORACIC LAGOONS. 

§ I. History and Properties of Borax.- — II. Boracic Acid. — ^III. Manu- 
facture of Borax £rom Boracic Acid. 

§ I. HISTORY AND PROPERTIES OF BORAX. 

Borax is a saline compound found natiye in great 
abundance in China, in the island of Ceylon, in cer- 
tain lakes of South America, and near the mountains 
of Thibet in the East Indies. The substance is a 
combination of soda with a peculiar acid, first isolated 
by Homberg about the commencement of last cen- 
tury. The acid is now known to be a compound of 
oxygen with an elementary substance, to which the 
name of boron is applied: the acid itself is called 
boracic acid.* 

Until the recent discovery of a more advantageous 
mode of obtaining borax, this salt was brought to 
Europe in considerable quantities from the East In- 
dies, where it is found as an efflorescence on the soil, 
and also dissolved in the waters of certain lakes. It 

* The history of borax may be traced back to a very early period. 
It was fomiliarly known to the Arabians by the name of baurach, the 
probable origin of its present designation. Baurach was a term, how- 
ever, applied to carbonate of soda, the nitrum and natron of the ancients, 
which was found as an efflorescence on the soil. Borax and carbonate 
of soda resemble each other to a certain extent in being possessed of 
alkaline and detergent properties, but in most of their chemical cha- 
racters these salts differ essentially. It is beheved that borax is one of 
the substances described by Pliny under the name of ekryutcolhy from 
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was imported in small dirty crystalliiie masses called 
tincal^ or rough borax, which contain scarcely more 
than half their weight of pure borax, the remainder 
consisting chiefly of a peculiar saponaceous combina- 
tion of soda with, a &tty acid. ' The salt was neyer 
termed borax ontil purified. 

For a long time the process of refining tincal was 
practised in Europe only at Venice, on which account 
the purified borax was called Venetian; but at length 
the enterprising Dutch made themselves masters of 
the process, and succeeded in completely engrossing 
the manufacture. Their mode of refining, which was 
long kept a profound secret, is similar in principle to 
that employed in the present day, and consisted in 
the application of lime, which formed an insoluble 
combination with the fatty acid of the saponaceons 
compound. 

The following is one of the modem processes for 
refining tincal. The crude salt, being placed in pro- 
per pans, is covered with cold water to a height of 
two or three inches above its surface, and allowed to 
stand for some hours. Recently slaked lime is then 
added to the amount of one part to four hundred 
parts of tineal ; the mixture is thoroughly stirred, al- 
lowed to stand for twelve hours, again strongly a^- 
tated, and the troubled supernatant liquid decanted. 

the property attributed to the latter of facilitating the soldenng of gold 
with other metals, which is possessed in an eminent degree by borax ; 
but chrysocoUa was a name also applied by Pliny to the green carbonate 
of copper or malachite. 

Baurach is among the many chemical preparations, noticed by the 
Arabian, Geber, who lived in the eighth century. It was employed by 
him for one of the same purposes as it is at present, namely, to asdst 
in reducing the oxides of certain metals to the metallic state. 
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The liquor is not thrown away, but preserved to wash 
the impure borax ; the solid matters held in suspension 
being first separated by subsidence and decantation. 
The washing is continued with the same liquid, cla- 
rified by subsidence as often as applied, until it is no 
longer rendered turbid. In this way a great portion 
of the fatty matter may be washed away as an inso- 
luble soap of lime. The salt thus purified is dis- 
solved in two and a half parts of boiling water, and 
mixed with a solution of chloride of calcium contain- 
ing two parts of that salt to one hundred parts of 
tincal. A precipitate is thereby produced, consisting 
chiefly of the insoluble soap of lime; the liquor is 
s^arated from the precipitate by filtration, and eva- 
porated down to the density 1'14 or 1*16. It is then 
run off into crystallizing vessels, and cooled very gra- 
dually in order to obtain large crystals. 

The preceding process has received various modi- 
fications ; but as tincal is now no longer the European 
source of borax, an account of these is unnecessary. 

Borax has a sweetish and alkaline taste, and 
changes certain vegetable colours in the same manner 
as an alkali. Notwithstanding its alkaline reaction, it 
is believed to contain two proportions of acid* to one of 
soda ; but the acid characters of boracic acid are too 
feeble to neutralize completely the alkaline properties 
of the base. In this respect borax may be assimi- 
lated to the bioarbonates of the alkalies. The specific 
gravity of borax is 1*705. It is soluble in twelve 
parts of cold water, and in twice its weight of boiling 
water. The crystals of borax which are formed at 

* It is doubtful whether the equivalent of boracic acid should be 
taken as thirty-five or twice that number. 
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common temperatures bare the following composition: 

One equivalent of soda 31 16"2 

Two equivalents of (or one eq. ?) boracic acid 70 36*6 
Ten equivalents of water 90 47'2 

One equivalent of borax 191 10(H) 

When exposed to a dry atmosphere at the ordinary 
temperature, this salt commonly effervesces slightlj, 
and loses a portion of its water.* If moderately 
heated, it readily fuses, swells considerably from the 
escape of steam, and at a red heat becomes anhydrous. 

If the heat has been insufficient to fuse the borax, 
it remains as a light white porous mass known as cal- 
cined borax. 

When borax is crystallized from a solution the 
temperature of which is above ISS"* Fahr., it assumes 
a form different from the above crystals, and com- 
bines with a different proportion of water of crystal- 
lization, namely, five equivalents. The shape of these 
crystals is the regular octohedron. They contain 

Soda 21-3 

fiaracic acid 47*9 

Water 30-8 

lOOH) 

The specific gravity of this compound is 1'815. 

From containing a smaller proportion of water than 
ordinary borax, this variety is preferred by braziers 
in soldering. It is usually distinguished as octohe- 
dral borax. The possibility of obtaining another 
borax with a still smaller proportion of water of crys- 
tallization, is a subject which well deserves the at- 
tention of the borax manufacturer. 

* According to Mr. O. Sims, this salt does not effloresce if entirely 
free from carbonate of soda. 
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. Anhydrous borax fiises when heated strongly, and 
rms a limpid and colourless glass, which is still 
kpable of being dissolved in water. Like many 
her vitreous substances in a state of fusion, borax 
capable of dissolving most metaUic oxides, forming 
Lth several glasses of particular cdours, from the 
it of which the nature of jihe metallic oxide may 
ken be determined.* 

* The use of borax as a re-agent in analysis by the blow-pipe de- 
ids on this property. If a minute quantity of either of the oxides 
^ntioned in the following table is added to a bead of borax fused on 
i end of a platinum wire bent in the form of a hook, and heated in 
J exterior blow-pipe flame, the bead acquires a well-marked colour, 
wording to the nature of the oxide. In the exterior blow-pipe flame 
ise colours are as follow : 

Oxide of cobalt Intense blue. 

Oxide of manganese Deep violet or amethyst. 

Oxide of chromium Reddish while hot, emerald-green 

when cold. 

Black oxide of copper Deep green. 

Peroxide of uranium Lemon-yellow, 

Oxide of iron Red while hot, fiiint yeUowish-green 

when cold. 

Oxide of nickel Reddish while hot, light emerald 

when cold. 

Oxide of antimony Yellowish while hot, colourless when 

cold. 
If the bead is brought into the interior flame of the blow-pipe, or the 
iucing flame, the colour produced by some metallic oxides wholly dis- 
pears ; but more frequently the bead passes from one colour to an- 
ler. This is the case with most of the oxides mentioned in the pre- 
ling table. The colours of the beads in the interior flame are as 
low : 

Cobalt Intense blue. 

Manganese Colourless. 

Chromium Emerald green. 

Copper Ruby red. 

Uranium Dark green. 

Iron Brownish-green. 

Nickel Grey from metallic nickel. 

Antimony Grey from metallic antimony. 
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On this property of dissolying metallic oxides. is 
founded the use of borax to braziers, silversmiths, 
and others, in tiie soldering of metals ; for whidk 
purpose, merely, about two tons of borax are con* 
sumed in Birmingham weekly.* When heated, with 
exposure to the air, most metals acquire a coating 
of oxide, which would^ if allowed to remain, effec- 
tually prevent the perfect contact of two pieces. 
But if a little borax is sprinkled on the metal, 
the oxide is dissolved, and the access of air pre- 
vented by the fused salt ; the surface is thus cleaned, 
and the liquid salt offers no impediment to the com- 
bination of the metal with the solder. 

The most considerable consumption of borax at 
present is at the potteries, chiefly in the formation of 
a porcelain and earthenware glaze, an application 
dependent on the vitreous character of most combin- 
ations of this salt with metallic oxides and earthy 
bases. The particular composition of the borax 
glaze is varied at different potteries, but the essen- 
tial constituents, besides borax, are felspar and soda. 
Nitre is sometimes added in small quantity, and a 
mixture of powdered flint-glass and flints is occa- 
sionally substituted for felspar. At a single pottery 
there is a consumption of from eighty to a hundred 
tons of borax per annum. 

Borax also enters into the composition of some 
varieties of glass, and would be extensively used for 
that purpose, did its price permit. A glass recom- 
mended for optical purposes has been made with 
seven parts of red lead, two parts of calcined borax, 

* Information supplied by Mr. Kurtz of Liverpool. 
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and three parts of ground quartz. The addition of a 
little borax to the materials fbr plate-glass and crown- 
0ass has been recommended ; but a large quantity 
loems to communiciate an exfoliating property to the 
^ass. The vitreous body of artificial gems called 
rircbss (from the name of its German inventor) is a 
land of flint-glass, in most r^eipts for which borax 
is mentioned as an essential constituent. According 
to Dr.. Shaw (Chem. Lectures), by fusing together 
four parts of borax and one part of fine white sand, 
a pure glass is formed, sufficiently hard to cut com- 
mon glass like the diamond. 

Borax, is used to a large extent in assaying me- 
tallic ores to dissolve the mineral, and facilitate the 
leduction of the oxide by carbonaceous matters. It 
is eminently adapted for this purpose, as it forms 
jfhsible combinations, not only witb bases, but also 
with silica.* An aqueous solution of borax has the 
pemarkable property of dissolving shell-lac, affi)rd- 
ing a solution which may be employed as a kind of 
yamish. The proper proportions of the materials are 
five parts of borax and one of shell-lac. 



§ U. BORACIC ACID. 

When a solution of borax in water, nearly satu- 
irated at its boiling point, is mixed with a quantity 
of oil of vitriol equal to one fourth the weight of the 
borax, thin crystalline plates of boracic acid are 

* See an account . of some interesting experiments on the solvent 
power of fused borax by M. Berthier in his Traiti des Essais par la 
vaie Hche, t. i. p. 475, et seq. 
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deposited on the cooling of the solution. To purify 
the acid, it is first washed with cold water, in which it 
is but sparingly soluble, and then dissolved in boiling 
water, and made to crystallize a£resh. The boracic 
acid thus obtained is sufficiently pure for most of the 
purposes to which it is applied, but it retains a trace 
of sulphuric acid, prQt)ably in a state of chemical 
combination. This small quantity of sulphuric acid 
may be separated, if necessary, by fusing the boracic 
acid in a platinum crucible at a red heat. 

Boracic acid is inodorous, and has a weak taste 
scarcely at all acid. In aqueous solution it is one of 
the feeblest of acids ; instead of changing the colour 
of blue litmus to that clear red produced by the 
strong acids, it imparts a wine-red tint similar to 
what is communicated by carbonic acid, and its com- 
binations with the alkalies retain alkaline characters, 
though they contain an excess of boracic acid. But 
at a red heat this acid seems to possess a very power- 
ful affinity for bases ; it then displaces the greater 
number of those acids which are more volatile than 
itself, from their saline combinations, an eflFect refer- 
able to the great fixedness of boracic acid when in 
the anhydrous condition. When unmixed with any 
volatile substances, boracic acid is perfectly fixed at 
a bright red or even white heat ; but it is remarkable, 
that in the presence of the vapour of water or of 
alcohol this acid is certainly capable of volatilizing 
to a considerable extent, and may be condensed in 
small sparkling crystals. In the original process for 
the preparation of this acid, instead of crystallizing it 
from a solution of borax mixed with oil of vitriol, 
such a mixture was distilled in a retort, in the neck 
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of which the acid was collected in small crystals. 
The acid prepared by this and similar processes was 
long ago employed in medicine under the names of 
Homherg^s sedative salt^ Sal volatile narcoticum^ 
flores boraciSj Sal album alchymistarum^ &c. 
Neumann seems to have been the first who prepared 
boracic acid without distillation. 

Anhydrous boracic acid melts under a red heat 
into a colourless and transparent glass, which is still 
soluble in water. The specific gravity of the vitri- 
fied acid is 1'83, and of the crystallized acid 1'48. 
The crystallized acid requires 25*66 times its weight 
of water at 60° for its solution, but only 2-97 
times at 212° (Berzelius). Boracic acid is soluble 
in alcohol, and the solution when set on fire burns 
with a fine green flame ; a property which affords an 
excellent test for the presence of this acid. The 
alcoholic solution of boracic acid communicates a 
brown colour to yellow turmeric paper, like an alkali, 
and the colour becomes deeper as the alcohol eva- 
porates. 

The constitution of boracic acid was first ascer- 
tained by Sir H. Davy in the year 1807. By ex- 
posing it to the action of a powerful galvanic battery 
he obtained a small quantity of a greenish-brown pow- 
der, which burned vividly when heated in atmospheric 
air or oxygen gas, and then returned to the state of 
boracic acid. Bora<5ic acid is hence viewed as a com- 
bination of oxygen with the above substance, which 
is regarded as an element, and called boron. MM. 
Gray-Lussac and Thenard prepared boron by heating 
boracic acid with potassium, when the latter sepa- 
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rates oxygen from the former, and sets the ' boron at |^ 
liberty.* The easiest method of preparing this sub- 
stance is to decompose by means of potassium tin 
salt called boroflnoride of potassium, which is a ceio* 
bination of fluoride of potassium with fluoride of 
boron. When that substance is heated with potas- 
sium, the fluoride of boron is decomposed, with pw- 
duction of fluoride of potassium and consequent libera- 
tion of boron. I 

Boron is a tasteless and inodorous substance, in- 
soluble in water, alcohol, ether, and oils. It may be 
heated in vacuOj or in gases which do not combine 
with it, without undergoing any change, except « 
slight deepening of colour and increase of density. 
It is devoid of the metallic lustre, and is a non- 
conductor of electricity. At common temperatures 
it undergoes no change by exposure to atmospheric 
air or oxygen; but if heated to 600° Fahr., it burns 
with brilliant scintillations, and forms boracic acid, 
which is the only known combination of boron and 
oxygen. The generally received equivalent number 
of boron is 11. Its symbol is B. 

When boron passes into the state of boracic acid, 
it unites with a quantity of oxygen equal to 68*6 per 
cent, of the product, which is considered to contain 
three equivalents of oxygen and one of boron, thus 
(B + Og) ; in which case, the equivalent of anhydrous 
boracic acid is 35, or one equivalent of boron = 11 
+ three equivalents of oxygen = 24. The boracic acid 
deposited in crystals from an aqueous solution is a 
hydrate containing 43*5 per cent., or three equiva- 
lents of water. 
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Boracic acid Is found in natmre not only in com- 
bination with soda, and io a small extent with some 
earthy bases, but likewise in a free state, consti- 
tnting in that fonn a , very abundant, interesting, 
and highly important volcanic product. It is found 
in the Lipari Islands, but most abundantly in the hot 
springs of a small district in Tuscany, the boracic 
icons of which have now become the common 
European source of borax. These lagoons or lakes 
may be ranked among the wonders of the age, and 
are unique in Europe, if not in the world. They are 
situated on the sides of hills, and are supplied with 
water by the condensation in them of volcanic va- 
pours or soffioni, highly charged with free boracic 
acid, together with borate and sulphate of ammonia, 
uid several other saline matters. The soil sur- 
rounding these beds of hot water is covered with a 
saline efflorescence, consisting chiefly of boracic acid, 
but likewise containing, in smaller proportion, am- 
moniacal salts, borate and sulphate of alumina, and 
persulphate of iron. 

The presence of boracic acid in these vapours was 
first announced by Hoefer in the year 1776, and 
the manufacture of borax from this source was sug- 
gested about the same time by Mascagni. It was 
not attempted, however, till several years afterwards. 
Some experiments performed by Professor Gazzeri, 
in 1807, tended to shew that the quantity of boracic 
acid contained in the lagoons was too small to render 
them an advantageous source of borax ; and this 
was afterwards fully proved to be the case, when 
the water, as found in the lagoons, was evaporated by 
heat obtained artificially in the ordinary manner. A 
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succession of adventurers had in this way produced 
a considerable quantity of boracic add, but tk 
cost of fuel for the evaporation was so great as to 
leave but little profit ; so that the lagoons, now t 
source of wealth, ^^ more valuable, perhaps, and oBt- 
tainly less capricious, than any mine of silver tiist 
Mexico or Peru possesses," * were formerly com- 
dered all but worthless. Important improvemoite 
were, however, gradually introduced; one of the 
earliest of which was the subjecting the same quan- 
tity of water to successive impregnations of vapour, 
so as to increase the proportion of boracic m<L 
This improvement was made by Signor Ciaschi, who 
perished miserably in 1816, from having fallen into a 
lagoon of his own excavation. In the following year 
the lagoons came into the possession of their present 
spirited proprietor, the Count de Pomerance (better 
known as M. Larderelle), who conceived the happy 
idea of abandoning the use of wood-fuel in the eva- 
poration of the waters, and applying the heat of the 
superabundant vapour itself. This is the grand im- 
provement which has given the boracic lagoons of 
Tuscany their present importance. 

Without the assistance of fiiel, machines, or che- 
mical materials, a produce of seven hundred and 
fifty thousand kilogrammes (a little more than one 
million six hundred and fifty thousand pounds) of 
boracic acid is obtained yearly with an evaporation 
of more than eighty millions of kilogrammes of water; 
and all this is effSected merely by giving a proper 
direction to the vapours of the soflSoni themselves. 

For the following account of the lagoons I am 

* Dr. Bowrinsr. 
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indebted to Dr. Bowring's Parliamentary Report on 
•the Statistics of Tuscany, and to a description of 
Hbe process of manufacture in a paper by M. 
Payen in the Annates de Chimie et de Physique^ 
torn. i. 3°® serie, p. 247. An abstract of Dr. Bow- 
ring's report appeared in the Philosophical Maga- 
zine for July 1839, and a translation of M. Payen's 
paper in No. 8 of the Chemical Gazette (Feb. 15th, 
1843). 

" As you approach the lagoons," observes Dr. 
Bowring, " the earth seems to pour out boiling water, 
as if from volcanoes of various sizes, in a variety of 
soil, but principally of chalk and sand. The heat 
in the immediate adjacency is intolerable, and you 
are drenched by the vapour, which impregnates the 
atmosphere with a strong and somewhat sulphureous 
smell. The whole scene is one of terrible violence 
and confusion — the noisy outbreak of the boiling 
element — the rugged and agitated surface — the vo- 
lumes of vapour — the impregnated atmosphere — the 
rush of waters — among bleak and solitary mountains. 
" The ground, which burns and shakes beneath 
your feet, is covered with beautiful crystallizations of 
sulphur and other minerals. Its character beneath 
the surface at Monte-Cerboli is that of a black 
marl streaked with chalk, giving it at a short dis- 
tance the appearance of variegated marble." 

The place was formerly regarded by the peasants 
as the entrance of hell ; they never passed by the 
spot without terror, counting their beads and pray- 
ing for the protection of the Virgin. Besides the 
superstitious dread entertained of the lagoons, their 
frightful appearance and foetid smell, arising from 

VOL. II. T 
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« 

the eyolntion of sulphuretted hydrogen gas, made 
them to be regarded as public nuisances, and ren* 
dered fruitless all attempts on the part of the land- 
lords to improve the surrounding country. But floei 
the lagoons have been turned' to profitable accoml^ 
a great improTement has taken place in the (ndtl^ 
yation, and increase in the value, of the neighbour- 
ing soil. The health of the workmen, who live con- 
stantly on the spot, is in general good. 

The lagoons themselves are situated on a gently 
sloping ground, with the manufactories at the bot- 
tom, a short distance from each other. The num- 
ber of establishments is nine ; of which the principal 
are Larderisllo, Monte-Cerboli, Monte-Botundo, Sasso^ 
Lerrazano, and Castel-Nuovo. 

With some slight modifications, the routine of the 
operations is the same in each of the nine manu* 
factories. A sufficiently precise idea of the process 
may be obtained with the assistance of the annexed 
engraving, which represents an imaginary section of 
the surface of the earth through the lagoons. This 
cut is an accompaniment to the paper of M. Payen 
before alluded to. 

The lagoons consist of rude circular basins, partly 
excavated and partly built, situated immediately over 
one or more of the fissures through which the soffioni 
burst. They are arranged at different elevations, 
and connected with each other by canals to allow of 
the transference of the liquid from a higher to a lower 
lagoon. A small lake is formed in the highest of 
these basins by introducing the water of some ad- 
jacent mountain stream. The water is soon heated 




.to the boiling pomt, and kept in perpetual agitation 
hj the pas<4age ot the hot vapours, which deposit most 
of their boracic acid in the lagoon, and afterwards 
rise into the air as whitish clouds The vapours pro 
duce boracic acid only when they burst with a fierce 
explosion. 

After having remained in the most elevated la- 
goon, a, for twenty-four hours, the water is allowed 
to descend through the canal c (by opening a plug in 
the canal) to the second lagoon b, where it is sub- 
jected during twenty-four hours to another impreg- 
nation. It is then passed on to the third lagoon, and 
BO on successively, until it is arrived at the lowest 
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receptacle, having thus passed through from five to 
eight. With all these impregnations, the quantity of 
boracic acid in the water of the last lagoon scarcely 
exceeds one-half per cent. As the liquid is drawn off 
from one basin, it is inmiediately replaced by that 
contained in the next above. 

When the solution has remained a sufficient length 
of time in the lowest lagoon rf, it is transferred to a 
reservoir or cistern ^, six metres (about twenty feet) 
square, and one metre (about three feet four inches) 
deep ; from whence, after a few hours' rest to deposit 
some sedimentary matter, it is decanted either into 
a second reservoir^ or into the evaporating pans. • 

The arrangement for evaporating consists of two 
batteries, each composed of seven leaden pansjg'g', 2*90 
metres in breadth, and 0*35 metre in depth. The 
pans, which are arranged at different levels, are mip- 
ported by strong wooden rafters above the masom;, 
so as to allow the passage of the vapour of some 
soffioni underneath as through a drain. The vaponr 
enters at the bottom of the lowest pan, and paseong 
under all the others in succession, the excess is at 
last given off* outside the manufactory. 

The first four pans of a series of seven are filled 
with liquid from the reservoir^ and the evapora- 
tion of the boracic solution is carried on here during 
twenty-four hours. The solution thus concentrated 
is passed on to the remaining pans by means of 
siphons, each pan being replenished when the liquor 
is withdrawn from that next above it, and the highest 
from the reservoir. In the last two pans the evapo- 
ration is carried so far that the liquid crystallizes 
when transferred into vessels arranged for the pur- 
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pose, which are wooden tubs lined with lead. The 
specific gravity of the crystallizing solution is from 
1-072 to 1-080, at a temperature of from 173° to 
176° Fahr. When the crystallization is complete, 
the mother-liquor is withdrawn and returned to the 
last two pans to be evaporated, together with another 
quantity of the solution ; and the crystallized acid 
is placed in baskets to drain. It is then removed to 
the drying-rooms and spread on the floor in layers, 
which are occasionally turned. After two or three 
hours, or when it feels tolerably dry, the acid is 
packed up in casks, and sent to Leghorn for ex- 
portation. 
The drying-room, represented in section at fig. 31, 

Fig. 31. 




is also heated by the soffioni, being constructed with 
a double floor for that purpose, through which the 
vapour is made to circulate. It is built of brick. 

A battery of fourteen pans affords daily about ninety 
kilogrammes of saleable boracic acid. The whole pro- 
duct of the nine establishments varies from seven to 
nine thousand pounds (of twelve ounces) daily. The 
state of the weather has some influence on the amount 
of the product. In bright and clear weather, both 



I 
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in winter and in summer, the vapours are less dense, 
but the quantity of boracic acid deposited is greater. 
Increased vapours indicate unfavourable change of 
weather ; and the lagoons act as infallible barometers 
to the neighbourhood, even at a great distance, serv- 
ing to regulate the proceedings of the peasantry in 
their agricultural pursuits. (Dr. Bowring. ) 

The diflferent manufactories contain from one to 
five, batteries, each comprising fourteen or sixteen 
evaporating pans. The number of lagoons to each 
establishment varies from three to twenty-five. The 
largest lagoons are from fifteen to twenty metres (from 
forty-nine feet to sixty-six feet nearly) in diameter, 
and the smallest from four to five metres (thirteen feet 
to sixteen feet and a half) ; their depth varies from 
one and a half to two and a half metres (five feet to 
eight feet three inches).* 

Before describing the process of converting the 
crude boracic acid into borax, it will be proper to 

* ^^ It appears to me,** obserTes Dr. Bowring, *' that the powers snd 
riches of these extraordinary districts remain yet to be fully developed. 
They exhibit an immense number of mighty steam-engines furnished by 
nature at no cost, and applicable to the production of an infinite variety 
of objects. In the progress of time this vast machinery of heat and 
force will probably become the moving central point of extensive manu- 
facturing establishments. The steam, which has been so ingeniously 
applied to the concentration and evaporation of the boracic acid, will 
probably hereafter, instead of wasting itself in the air, be employed to 
move large engines, which will be directed to the infinite variety of pro- 
duction which engages the attention of labouring and intelligent artisans ; 
and thus, in the course of time, there can be little doubt, that these 
lagoons, which were fled from as objects of danger and terror by unin- 
structed man, will gather aroimd them a large intelligent population, 
and become sources of prosperity to innumerable individuals throughout 
endless ages.'* 
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advert to M. Payen's researches ou the nature of the 
substances which accompany the boracic acid, and his 
theoretical views of the origin of the products. 

The vapours are not entirely condensable ; a gas is 
given off, which on examination proved to be a mix- 
ture of carbonic acid, nitrogen, oxygen, and sul- 
phuretted hydrogen in the following proportions : 

Carbonic acid 67*30 

Nitrogen 34*81 

Oxygen 6*67 

Sulphuretted hydrogen 1*32 

100-00 

The condensable products and the substances 
brought up mechanically by the powerfiil current 
of vapour, are the following : — ^water, clay, sulphates 
of lime, ammonia, alumina, and iron ; hydrochloric 
acid ; organic substances possessing a marine smell 
(probably like that of sea-weed), sulphur, and the 
merest trace of boracic acid. The temperature of 
the vapours was found to vary between 206° and 
212° Fahr. (97° and 100° Cent.). No boracic acid 
could be obtained by condensing the vapours of the 
soffioni in large and long tubes ; the product was 
only an acidulated water containing no boracic acid. 
To obtain the latter, it seems essential that the 
vapour should be brought into contact with water; 
and it is often observed that a portion of the water 
absorbed, when a lagoon is filled, is subsequently 
ejected by the vapour. Thus the production of 
boracic acid, or rather the arrival of the acid to the 
surface of the earth, seems to depend on the intro- 
duction of water through the fissures. 

From these observations M. Payen draws the fol- 
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lowing theoretical conclusions : All the phenomena 
would be perfectly intelligible, if it be admitted that 
the water of the sea, penetrating through some fis- 
sure to a great depth, may have its temperature 
raised to a high degree, and find in the soffioni an 
exit for its vapours. The boracic acid would then 
be derived from deposits of that substance, through 
which the vapours and the projected water rush ; 
and the sulphuretted hydrogen from the decompo- 
sition, by means of boracic acid, of sulphurets formed 
by the reaction of the organic matter contained in 
the water on the sulphates also present in the water. 

These facts admit, however, of a more chemical 
explanation. " Admitting with M. Dumas," observes 
M. Payen, " that a deposit of sulpliuret of boron, 
situated at a great depth, came into contact with sea- 
water, a lively action would take place, from which 
would result boracic acid, sulphuretted hydrogen, a 
high temperature which would carry oflF these pro- 
ducts with the water, hydrochloric acid arising from 
the decomposition of earthy chlorides, and anmionia 
produced by the organic matters. If the action take 
place at a little distance from a calcareous mass, 
the boracic acid conveyed in the current of vapour 
would decompose the carbonate of lime, and the 
equivalent of carbonic acid would mix with the 
other gases ; at a certain distance the sublimed 
boracic acid might form deposits, and according as 
the water of the lagoons descended to this point, or 
not, the return current would carry up with it 
boracic acid, or pass without volatilizing the acid. 

" The air furnished by the sea-water, or other 
source, would enter the fissures, and determine, in 
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the presence of sulphuretted hydrogen, the formation 
of sulphuric acid. This, in its turn, would produce 
sulphates of lime, of ammonia, of alumina, and of iron, 
taking the lime from the calcareous mass, the ammonia 
from the vapours, the alumina and iron from the clay. 
These different salts, which are formed or which dis- 
solve in the waters near the surface of the soil, explain 
the disintegration of the latter. The appearance of 
sulphur, and the presence of a little oxygen, which 
accompany the various substances contained in the 
soffioni and in the troubled waters of the lagoons, 
would proceed from the accidental introduction of 
air.' 



"* 



§ III. MANUFACTURE OF BORAX FROM BORACIC ACID. 

As sent out of the establishments, the boracic acid 
is commonly far from being a pure substance, and 
the proportion of impurities, moreover, is said to be 
continually on the increase. Formerly the product 
contained from 90 to 92 per cent, of pure crystal- 
lized boracic acid ; at present, the proportion varies 

* M. Payen suggests that a portion of the boracic acid may be pro- 
duced by the re-action of sulphuric acid, so abundant in masses of 
disintegrated soil, on anteriorly formed borate of lime. 

Neither of the above hypotheses presents a satisfactory explanation 
of the origin of the ammonia which always accompanies the native 
boracic acid in considerable quantity ; the organic matters which would 
be introduced by the sea-water being far too small in quantity to be ad- 
mitted as the probable source of the ammonia. It is suggested by Mr. 
Balmain that this body may be produced by the decomposition, by 
means of water, of athos^euy or some analogous compound of boron and 
nitrogen, which, when heated with water, becomes decomposed, with 
formation of boracic and free ammonia ; the oxygen of the water having 
united with the boron, and the hydrogen of the water with nitrogen. 
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between 74 and 83 per cent. This is attributed to 
the progressive alteration of the disintegrated strata 
by the currents of vapours and the infiltrations oi 
water. 

The crude acid has been subjected to a complete 
analysis by M. Wittstein, in which he obtained the 
the following results (Buchner's Repertorium^ xxil 
145): 

Crystallized boracic acid, (BO, + 3 HO) 76*494 

Sulphate of manganese a tnee 

Persulphate of iron 0*365 

Sulphate of alumina *320 

Sulphate of lime : 1-018 

Sulphate of magnesia 2*632 

Sulphate of ammonia 8*608 

Sulphate of soda -917 

Sulphate of potash *369 

Muriate of ammonia '298 

Sulphuric acid in combination with boracic acid 1*322 

Silicic acid 1-200 

Water of crystallization of the salts above 6*667 

Organic matters a trace 

100*000 

It has been a matter of surprise that no steps are 
taken to purify the acid on the spot, as a yery coa* 
siderable expenditure in packages, freight, &c., might 
thereby be avoided. The impurities may be re- 
moved to a great extent by subjecting the drained 
acid to a strong pressure, and purifying the residue 
by washing ; and one half of the water contained in 
the crystallized acid might be expelled by a pro- 
longed desiccation at 212"*, whereby the proportion 
of dry or real acid in the impure material would 
be increased from 56 to 72 per cent. 

But some borax manufacturers consider a given 
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w^eight of the pure acid to be less valuable than as 
much crude acid as contains an equal quantity of the 
pure acid, in consequence of the large proportion of 
sulphate of ammonia contained in the crude acid (some- 
times fourteen per cent.), which may be made avail- 
able in the manufacture of ammoniacal salts. With 
this view, the crude acid is first washed with cold 
water (whereby it loses from five to twenty per cent, 
rf its weight), and the washings are concentrated by 
evaporation, on which they afford a large quantity 
of a well crystallized salt, which is the double sul- 
phate of magnesia and ammonia. Very little boracic 
acid is mixed with these crystals; but the mother- 
liquor is a strong solution of boracic acid, which 
does not afford crystals, though its density is very 
high. 

The process for making borax from the crude acid, 
as carried on successfully in M. Payen's works at 
Paris, is the following:* it differs slightly in its 
details from the method pursued in this country. 

The materials operated on are one thousand ki- 
logrammes of the crude acid, twelve hundred kilo- 
grammes of crystallized carbonate of soda,f or the 
equivalent quantity of dry carbonate, or of the soda- 
ash of commerce, and about two thousand kilo- 
grammes of water, minus the quantity which may 
be furnished by the mother-liquor of a preceding 
operation J .and that introduced by the condensation 

* Infonnation derived from a paper on the subject, by M. Payen, in 
the Ann, de Ch, et de Ph. t. ii., 1841, p. 322. 

f At an extensive borax work in this country, the proportions of soda 
and acid which are employed, are, eight parts of unwashed acid, and ten 
parts of soda-crystals, or the equivalent quantity in soda-ash. 

X The regular addition of the mothef-liqu<»: of one opemtion to the 
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Fig. 32. 




of the steam applied as a source of heat. The car- 
bonate of soda is first dissolved in a vat a, fig. 32, 
lined with lead and heated by steam from the boiler 
b. The pipe which conveys the steam leads nearly 
to the bottom of the vat, where it is bent into a 
horizontal circle and pierced with holes to emit the 
steam. When the carbonate is dissolved and the 
temperature of the solution raised to near 212°, the 
boracic acid is added in quantities of from four to 
five kilogrammes at a time through the pipe c, and 
the carbonic acid and other gases then evolved are 
conducted by the tube rf, attached to the cover of 
the vat, into a condenser e, containing sulphuric 
acid. The object of passing the gas into sulphuric 
acid is to collect some ammonia which is disengaged 

solution of borax made in the next, is by no means advisable, at the 
quRntily of impurities must then be continually on the increase. The 
extraction of the whole of the borax from the mother-liquora requires a 
tedious and somewhat complicated process. 
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in the state of carbonate. When all the boracic 
acid has been introduced, the solution ought to have 
the specific gravity 1*17 (21° of Baume's hydro- 
meter). Its boiling point is then about 22 1** Fahr. 
(105° Cent.). 

The supply of steam is now cut off, the opening, 
c, covered, and the solution allowed to stand for ten 
or twelve hours. A deposit takes place, and the 
clear supernatant liquid is withdrawn by the stop- 
cock f^ and conducted into crystallizing pans g g. 
These vessels are made of wood lined with thick 
sheet-lead. Their depth is about fifty centimetres 
(very near twenty inches). 

When the crystallization is complete, the mo- 
ther-liquors are conducted into the cast-iron trough 
A, placed below the evaporating pans : i i are 
wooden plugs encased in lead to be withdrawn for 
that purpose. The impure crystals of borax are 
detached firom the pans, and set to drain on an in- 
clined plane A:, the floor of which is of lead: the 
drainings are collected in the gutter l.^ 

After the liquid in the vat a is decanted, the 
deposit is withdrawn by the pipe m, and received 
into the cast-iron trough n. 

The object of the refining processes to which the 
crude borax is next subjected is not only the puri- 
fication of the salt, but the formation of large and 
hard crystals. The small soft crystals which are 
procured from a solution of borax on the small scale 

♦ These drainings, and the liquor collected in A, contain a quantity of 
carbonate and sulphate of soda, together with a little borax ; by evapo- 
rating the liquid and calcining the residue with chalk and coal, the 
sulphate becomes converted into carbonate, but the greater part of the 
borax remains without alteration. 
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wonld hardly meet with a purchaser. Such woe 
the ciTstals obtained in the first attempts to pro- 
cure borax from the natiTe add for commensal pDr> 
poses ; bat, thoagb qoite pnre, their appeaiaDce 
formed a serious obstacle to their sale^ as it wu 
generally believed that tJbe smallaess <^ the OTstals 
arose from the presence of impmities. 

To procure crystals fit for the market, M. Payoi 
proceeds in the following manner. The constmctioD 
of the necessary apparatus may be understood with 
the assistance of the annexed cot : a is the vat in 



F«.33. 




which the borax is redissolved; it is lined with lead, 
and is of sufficient capacity to contain, a solution of 
nine thousand kilogrammes (nearly nine tons) <£ 
borax. The solution is effected with the assistance 
of heat derived from steam introduced by the leaden 
pipe b to the bottom of the vat. 
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The crude borax, and the small crystals of previous 
refinings, are placed in a basket made of iron rods c, 
suspended over the vat by a chain and pulleys. The 
vat beini? nearly filled with water, the basket is 
lowers » .s ,» bring it i.nmedi.tely m>te «. ™r. 
face of the water ; the borax is thus dissolved, and the 
sinking of the dense liquid to the bottom establishes 
currents in the liquid, which facilitate the solution of 
the remainder, and render any other agitation unne- 
cessary. 

For each quintal (Icwt. 3qrs. 251bs.) of borax, 
about eight kilogrammes (between seventeen and 
eighteen pounds) of crystallized carbonate of soda are 
added to the vat, and the solution is brought to the 
specific gravity of 1*17 (2V Baume). It is then 
transferred while boiling to the crystallizing vessel rf, 
which together with its cover is lined with lead. 
Proper precautions must be adopted to preserve the 
crystallizing vat in a tranquil state, and to prevent 
a rapid reduction of its temperature. With the 
latter object it is surmounted with a double ceiling 
e Bj the space between which and the vat is filled 
with charcoal powder, the top of the vat being 
covered with two or three pieces of thick woollen 
cloth. Underneath the vat is a pavement of flag- 
stones, or smooth bricks, having a gutter which 
leads into a small reservoir^ This serves to collect 
any droppings from defects in the soldering of the 
vat. 

From twenty-five tQ thirty days, according to the 
external temperature, are required to complete the 
crystallization. Its progress may be ascertained by 
the temperature of the liquid. When between 77** 
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and 86° Fahr. (25° and 30° Cent.), the crystallization 
may be considered complete. The mother-liquor is 
then rapidly withdrawn by means of a large siphon, 
and the liquid which remains between the summits of 
the crystals imbibed by a sponge. The cover of the 
vat is replaced, and the crystalline mass is allowed to 
stand for five or six hours, so that its temperature 
may be gradually reduced to that of the external air. 
The crystals are then detached and assorted for the 
market. To procure borax in the octohedral form 
(see page 264), the solution of the crude salt should 
be made of the specific gravity 1*261 (30° Baume), 
at the temperature of 212°, before being set to crys- 
tallize. The deposition of octohedral borax com- 
mences when the temperature of the solution falls 
to 174° Fahr. (79° Cent.), and terminates at the tem- 
perature of 133° Fahr. (56° Cent.). When at the 
latter temperature, the mother-liquor should be in- 
stantly withdrawn by a siphon to prevent the crys- 
tallization of ordinary prismatic borax. The liquor 
gives an abundant deposit of the latter applicable to 
several processes in which the salt is used. 

Another method of preparing borax from the na- 
tive boracic acid is by calcining a mixture of the 
latter (after being washed with water) with nitrate 
of soda. This process may be conducted very econo- 
mically, provided the nitrous acid disengaged as 
gas through the decomposition of the nitric acid of 
the nitrate of soda be made available in the prepa- 
ration of oxalic acid from sugar, or some other impor- 
tant manufacturing process. But it is difficult to find 
a material well adapted for the vessel to contain the 
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mixture, as siliceous substances are acted on by fused 
soda and borax with great facility ; and an iron ves- 
sel would become rapidly corroded by nitrous acid. 

The most economical process for preparing borax 
from boracic acid is the following, for which a patent 
has been recently obtained by Mr. Charles M. Saut- 
ter (May 1843). About 38 parts by weight of pure 
crystallized boracic acid (3 HO 4-Bt)g, or else a cor- 
responding quantity of the washed native acid) are 
finely sifted and intimately mixed with about 45 
parts by weight of powdered crystallized carbonate of 
soda (NaO, COg + lOHO), and the mixture is placed 
upon wooden planks in layers of about one inch thick, 
in a room heated to any temperature between 90° 
and 115° Fahr. In the course of from twenty-four 
to thirty-six hours, the mass being occasionally 
stirred, the whole of the boracic acid and soda will 
have combined to form borax, the carbonic acid and 
superabundant water being expelled. The product 
thus obtained is fully adapted to all the applications 
of ordinary borax ; but being in a granular state and 
not perfectly white, it will not, in all probability, 
meet with an extensive sale, at least for a few years 
hence. 

Borax is sometimes sophisticated with common 
salt, and occasionally with alum. The presence of 
the former is easily detected by adding a few drops 
of a solution of nitrate of silver, which would afford 
a white curdy precipitate of chloride of silver, in- 
soluble in nitric acid if the smallest quantity of com- 
mon salt is present. The presence of alum in the 
borax may be detected by ammonia, which gives, 

VOL. II. U 



SOAP. 

§ I. General principles of Soap-making Processes. — II. Materials em- 
ployed in Soap-making. — III. Manufacture of Hard Soaps, — IV. Ma- 
nufacture of Soft Soap. 

§ I. GENERAL PRINCIPLES OF SOAP-MAKING PROCESSES. 

As a generic term, soap is sometimes used to de- 
note all kinds of combinations of unctuous matters 
with bases; whether alkalies, as potash and soda; 
earths, as lime and magnesia; or oxides of metals 
proper, as oxide of lead and oxide of zinc. This ex- 
tended meaning of the term is hardly recognized, 
however, in common language ; a soap being usually 
considered a compound of an unctuous substance with 
either potash or soda. 

Though made by mixing an oil or a fat with an 
alkali, soap is not to be considered as a direct com- 
bination of the oil or fat, as a whole, with the al- 
kali. When liberated from its combination with the 
base, by applying a strong acid, the oil is found to 
be altered in properties, being more soluble in alcohol 
aiid more easily saponified than before, and to have 
experienced an alteration in composition. This sub- 
stance is capable of combining as a whole with a 
base to form a soap ; but the original oil or fat con- 
tains another constituent besides the oil or fat capa- 
ble of being eliminated from the soap by a strong 
acid. 
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In the course of an extended chemical examina- 
tion of fixed oils and soaps, which occupied about 
fourteen years, M. Chevreul discovered that nearly 
all fixed oils and fats contain always two, and ge- 
nerally three, distinct compounds, united in the most 
various proportions. One of these, liquid at ordi- 
nary temperatures, has been named oleine ; the other 
two, which are solid, but differ in fusibility, are 
named stearine and margarine. M. Chevreul also 
ascertained that each of these bodies containB an or- 
ganic base,* soluble in water, named glycerine or 
oxide of glycerule^ in combination with an unctuous 
substance, possessed of the essential characters of an 
acid. The acid constituent in each of the three 
fatty principles is peculiar, but the glycerine is com- 
mon to them all. The acid in oleine is termed 
oleic acid; that in stearine, stearic acid; and that 
in margarine, margaric acid. Oleine, stearine, and 
margarine have therefore a saline constitution, and 
may be respectively regarded as the oleate, stearate, 
and margarate of glycerine.f 

These fatty principles, when brought into con- 
tact with a free alkali, oxide of lead, or oxide of 
zinc, in the presence of water become decomposed ; 
their acids leave the glycerine to unite with the 
alkali or metallic oxide (which are more powerful 

* By an organic base is meant a substance capable of uniting with 
acids to form, in most cases, a neutral compound, like potash, soda, and 
other metallic oxides ; but not derived, as these are, from the mineral 
kingdom. 

t It is uncertain, however, whether the glycerine actually pre-exists 
as such in the oil, or is merely the product of the action of the base on 
the oil. The question is one of no practical importance whatever, since 
the oil is decomposable in this manner by very feeble bases. 
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bases than glycerine), forming, in the case of an 
alkali, a soluble soapj and in the cases of oxide of 
lead and oxide of zinc, insoluble plasters. When 
mixed with a solution of oxalic, tartaric, or other tole- 
rably strong acid, these compounds are decomposed ; 
their bases unite with the acid to form oxalates, tar- 
trates, &c., while their oily acid is set at liberty, but 
in combination with a certain proportion of water. 
The glycerine liberated from the oleine, stearine, &c., 
by the action of an alkaline solution, is also in chemi- 
cal combination with a definite proportion of water ; 
and this body has not yet been obtained in the an- 
hydrous state, as it is supposed to exist in the ori- 
ginal oil. Hence the united weights of the fatty 
acid and glycerine obtained in this manner exceed 
the weight of the oil from which they were originally 
produced. 

By far the greater number of fixed oils, both ve- 
getable and animal, contain, when pure, no other 
constituent than oleine, stearine, and margarine ; a 
few, however, among which is palm-oil, contain, in 
the place of one or more of these bodies, a peculiar 
fatty principle, quite analogous in its chemical con- 
stitution to oleine, &c., being a compound of gly- 
cerine with a peculiar fatty acid. 

Soaps ai*e divided into two kinds, hard and sqfij dif- 
fering from one another in the materials from which 
they are produced. Hard soaps are made from fats 
or vegetable fat 'oils* and soda; for soft soaps, the 
oleaginous material is chiefly a fish oil or a vegetable 
drying oil, and the base potash. Hard soaps may 

* Fat oils are those which do not, like drying oils, become con- 
verted into a dry resinous substance on exposure to the aif. 
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be made, haweyer, with potash, proyided a scdid hi 
IB employed; bat soda soaps are inyariaUy harder 
than potash soaps, the nnctaous material bemg the 
same. Of the hard soaps of conmieroe, those made 
with oils (excepting palm-oil) are mixtures of oleate 
and margarate of soda, with very little, if any, 
stearate ; those made with animal fats are mixtures 
of oleate, stearate, and margarate of soda. On the 
Continent, in making hard soaps^ potash is frequently 
introduced in the place of a portion of the soda. 

Stearate of soda, which may be regarded as the 
type of hard soaps, is scarcely at all altered by con- 
tact with ten times its weight of water ; but stearate 
of potash, placed in the same circumstances, forms 
a thick paste, or a viscid solution. In these respects, 
the margarates of potash and soda closely resemble 
the corresponding stearates. Oleate of soda, how- 
ever, dissolves completely in ten times its weight of 
water, and oleate of potash in four times ; the latter 
forms a jelly with twice its weight of water, and is 
so attractive of moisture, that one hundred parts, 
when exposed to a humid atmosphere, become in- 
creased merely by the absorption of water to two 
hundred and sixty-two parts (Liebig). Hence the 
harder and less soluble soaps contain more stearate 
and margarate, and less oleate, than the correspond- 
ing softer and more soluble soaps. 

The quantity of pure, dry alkali required for the 
saponification of different kinds of oils and fats varies 
from about ten to fourteen parts of soda, and from 
fifteen to twenty parts of potash, for one hundred 
pai'ts of the oil or fat. It is usual, however, to 
introduce a certain excess of alkali, in order to fa- 



PRINCIPLES OF SOAP-MAKING PROCESSES. 297 

cilitate the separation of the soap from the mother- 
liquor; soap being insoluble in an alkaline solution 
of a certain strength. If no more alkali is intro- 
duced than the quantity exactly necessary for sa- 
ponification, the action goes on slowly, and the soap 
remains dissolved in the liquor so long as the latter 
is hot ; on cooling, the whole congeals to a gelatinous 
translucent mass. But if the alkali is present in a 
certain excess, or in a certain degree of concentra- 
tion, or if some common salt is added to the mix- 
ture, the soap becomes insoluble and rises to the 
surface. This peculiar comportment of soda soap 
towards a solution of common salt and a strong 
alkaline ley is of great importance in the manu- 
facture of soap, for on it depends the freedom of 
the soap from free alkali and glycerine, and also its 
proportion of water. 

If a fat oil is boiled for a considerable time with 
one-half the quantity of solution of potash or soda 
necessary for its complete saponification, the whole 
of the oil dissolves when the mixture attains a cer- 
tain state of concentration. Only one-half of the 
oil, however, is properly saponified, and the soap 
thus formed is the solvent of the other half. If di- 
luted with water and boiled, this combination de- 
posits a white fat, which is an intimate mixture of 
undecomposed oil and bimargarate and binoleate of 
potash or soda, which salts may be separated from 
the oil by the action of boiling alcohol (Berzelius). 
The utility of soap as a detergent agent depends 
principally on its property of rendering unctuous 
matters soluble in, or miscible with water, without 
exerting any corrosive action. A weak solution of 
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be made, however, with potash, pi'ovided a soli 
is employed; but soda soaps are invariably bi^^ 
than potash soaps, the unctuous material being jAl^ 
same. Of the hard soaps of commerce, thoiae fl|^ 
with oils (excepting palm«oil) are mixtures of o^ 
and margarate of soda, with very little, if ^^ 
stearate ; those made with animal fats are 
of oleate, stearate, and margarate of soda. 
Continent, in making hard soaps^ potash is £reqiii|l|jK^" 
introduced in the place of a portion of the soda. \tt 

Stearate of soda, which may be regarded m^ 
type of hard soaps, is scarcely at all altered 
tact with ten times its weight of water ; but 
of potash, placed in the same circumstances, 
a thick paste, or a viscid solution. In these 
the margarates of potash and soda closely 
the corresponding stearates. Oleate of soda, 
ever, dissolves completely in ten times its we^ 
water, and oleate of potash in four times ; the 
forms a jelly with twice its weight of water, 
so attractive of moisture, that one hundred y0f 
when exposed to a humid atmosphere, becoma^^ 
creased merely by the absorption of water to-tp^ 
hundred and sixty-two parts (Liebig). Henoodli^ 
harder and less soluble soaps contain more steiA^ 
and margarate, and less oleate, than the rnrrrippift 
ing softer and more soluble soaps. liHn-^ 

The quantity of pure, dry alkali required for -#^ 
saponification of different kinds of oils and fats "^0:^, 
from about ten to fourteen parts of soda, and ftti^ 
fifteen to twenty parts of potash, for one hundVt, 
parts of the oil or fat. It is usual, howevery^-r 
introduce a certain excess of alkali, in order tio4^ 
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u caustic alkali would act more powerfolly as a de- 
tergent, but it would at the same time tend to oor- 
rodc the organic matters with which it is placed in 
contact. Soap acts, however, only by virtue of ib 
alkali ; a portion of which combines with the greasj 
matters to be removed by washing, the renudning 
alkali forming with the whole of the fatty acids a 
bistearatc, bimargarate, and binoleate. 

Ammonia is not so well adapted for saponifying 
oils as the fixed alkalies. If the emulsion obtained 
by agitating solution of ammonia with a fixed oil 
is mixed soon after being prepared with a dilate 
acid to neutralize the ammonia, or exposed to the 
air for the alkali to become dissipated by evapora- 
tion, the oil is reproduced in its original state ; which 
shews that it had not been resolved by the ammonui 
into glycerine and the fatty acids. But if the emul- 
sion is preserved for several months in a closed vessel, 
a true ammoniacal soap is produced. 

Lime, barytes, magnesia, oxide of lead, and oxide 
of zinc, also saponify oils and fats in the presence 
of water with more or less facility. The action is 
in all cases accelerated by applying heat to the mix- 
ture. Glycerine is liberated and dissolved by the 
water, but the compounds of the fatty acids with 
these bases are insoluble. 

The curdy precipitate which is produced when a 
soluble soap of any kind is mixed with common hard 
water, is an insoluble soap of lime, formed through 
the mutual decomposition of the carbonate or sul- 
phate of lime in the water and the soap. The oily 
acids of the soap combine with the lime in the water, 
and the carbonic or sulphuric acid previously in com- 
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linatioii with the lime becomes united with the 
ilkali of the soap. So long as any lime remains un- 
|recipitated, the soap affords no lather with the water, 
Vat a very slight excess of soap suffices to form the 
iMiher.* 



§ II. MATERLiLS EMPLOYED IN SOAP-MAKING. 

- 1. The alkaline ingredient. — The alkali employed 
in the preparation of soap should always be introduced 
into the " copper" f in a state of perfect causticity ; no 
salt of the alkali, not even the carbonate, being well 
adapted to produce the saponification of oil. The so- 
lution of the alkali is always prepared by mixing the 
alkaline carbonate with lime and water, when the 
lime withdraws the carbonic acid of the alkaline car- 
bonate to form insoluble carbonate of lime (chalk), 
the alkali being left in a caustic state in solution in 
the water. 

The alkaline ley employed in the preparation of 
conunon yellow soap is made from " black ash" or 
** bfidl soda," which is the residue of the calcination, 
in a reverberatory furnace, of a mixture of sulphate 
of soda, chalk or broken limestone, and small coal. 
When lixiviated with cold or lukewarm water, it 
affords a solution of carbonate of soda containing a 

♦ The relative quantities of a clear solution of soap of known strength 
necessary to produce a lather on agitation with different hard waters 
would therefore afford an indication of the relative hardness of such 
waters. For the details of a process of this nature, contrived hy Dr. 
dark, see " Elements of Chemical Analysis," page 249. 

f The " copper" of the soap-boiler is the large iron boiler in which 
tke^saponification is effected. 
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small quantity of caustic soda and sulphuret d 
sodium. 

The alkaline carbonate from which the ley intended 
for the preparation of white and mottled soap is made, 
is ^^ soda-ash/' which is obtained by lixiviating black 
ash in water, draining the solution from the insoluble 
matters, and evaporating to dryness. The residue 
thus obtained may be used for making ley ; but as it 
generally contains some sulphur, the presence of 
which is an inconvenience in the process of soap- 
making, it is necessary for some purposes to calcine 
this residue at a moderate heat by means of a 
charcoal fire, whereby the whole of the alkaline sul- 
phuret becomes decomposed and converted into car- 
bonate. By lixiviating the mass in water, and eva- 
porating the liquid to dryness, a residue is obtained 
of carbonate of soda nearly pure. When dry, it con- 
tains about 58 per cent, of pure soda. 

The alkaline ley used in the preparation of soft 
soap is made from common potashes, which are pre- 
pared by calcining, in an iron pot, the residue of the 
evaporation of a ley obtained by digesting wood 
ashes in water. When of good quality, potashes 
contain 58 or 60 per cent, of pure potasK 

In preparing the leys, the lime and alkaline car- 
bonate are not mixed at once with the whole quantity 
of water required, but the water is made to percolate 
slowly through the mixture of lime and alkaline car- 
bonate contained in round iron vessels, usually about 
five or six feet in diameter, and four or five feet in 
depth, furnished with a plug near the bottom. A 
filter of ashes supported on bricks is placed imme- 
diately inside the plug, and the vessel is nearly filled 
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with successive layers of quick-lime and black ash 
or white ash, the first layer being lime. Two parts 
of black ash require about one part of quick-lime : 
white ash requires a larger proportion. In all exten- 
sive soaperies from two to four such ley-vats are 
arranged together as one set at different elevations : 
the mixture of lime and alkaline carbonate in the 
first is that last made ; that in the second is in a 
fi-esher state than that in the third ; while that in 
the fourth is almost exhausted. Warm water is first 
allowed to percolate slowly through the weakest, and 
afterwards through the stronger in succession. The 
ley is employed at very different strengths for different 
purposes ; its density varying from 1*04 to 1'18. It 
always contains a considerable quantity of undecom- 
posed carbonate. 

The residuary mixture of lime and carbonate of 
lime, which is impregnated with a minute quantity 
of alkali, is made available in the glass manufacture, 
and also as a manure on stiff lands. A considerable 
quantity, intended for the latter purpose, has been 
sent from this country to the West Indies since the 
abolition of slavery. 

2. The unctuous ingredient. — The following are 
the only oleaginous materials employed in the general 
way by the soap-makers of this country : 



Tallow. 


Whale oil. 


Palm oil. 


Seal oil. 


Olive oiL 


Cod oil. 


Oil of grainn (linseed and 


Hog's lard. 


rapeseed). 


Kitchen and bone fat 



It has already been observed, that fixed oils and 
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fats contain, as they are met with in nature, two or 
more distinct compounds, possessed of a saline consti- 
tution, being composed of an organic base, called gly- 
cerine, in combination with peculiar unctuous acids. 
By far the greater number of fixed oils and fats that 
have been hitherto examined contain only three such 
compounds, stearine, margarine, and oleine ; the lead- 
ing properties of which, with those of their acids, 
may be here briefly adverted to. 

Stearin€j* or stearate of glycerine^ which is the 
chief ingredient in tallow and suet, and the most im- 
portant of the fatty bodies, may be prepared by 
melting mutton suet at a moderate heat, mixing it 
with about ten parts of ether and setting aside the 
mixture to cool. The soft, pearly scales which are 
deposited on cooling, after being subjected to pressure 
and washed with cold ether, are pure stearine. 

Stearine is quite insoluble in water, but soluble in 
hot alcohol and ether; from both of which, however, 
it is almost entirely deposited on cooling. It fuses 
at about 140** or 145** Fahr., and congeals to a pul- 
verizable mass devoid of any appearance of crys- 
tallization. It cannot be distilled in the air without 
decomposition. 

Stearic acid may be prepared in a state of purity 
from the so-called " stearine" of commerce, used as a 
substitute for wax in making candles. This sub- 
stance contains no stearine, but is the acid in ques- 
tion, contaminated with a little oleic acid, from which 
it may be completely purified by repeated crystalliza- 
tion from hot alcohol, until its point of fufiiqnfreaches 
167°, which is that of pure stearic acid ; though, when 

* So named from oreap, tallow. 
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once melted, it may remain liquid below 160°. This 
acid is insoluble in water, but soluble in alcohol and 
ether. In the fluid state it changes the colour of blue 
litmus paper to red, like other acids. The solid acid 
has a crystalline texture and is pulverizable. When 
heated in vcumo^ stearic acid distils over with very 
little or without any alteration ; but if air has access, 
it is converted into margaric acid, and another sub- 
stance called margarone. Margaric acid is also the 
first product of the action of nitric acid on stearic 
acid. 

The "stearine*' of commerce is prepared by, P, 
sapoiiifying tallow or lard ; 2**, decomposing the re- 
sulting soap by an acidj and 3**, subjecting the mix- 
ture of stearic and oleic acids thus obtained to pres- 
sure between warm metallic plates, whereby the 
greater part of the oleic acid becomes expressed, 
while the stearic acid remains as a hard white mass 

• 

possessed of a crystalline texture. On the Continent, 
the tallow or lard is boiled with an alkali to form 
soap, to which a solution of chloride of calcium (mu- 
riate of lime) is added. An insoluble mixture of 
stearate and oleate of lime is thereupon precipitated, 
which affords the mixture of the oily acids by being 
warmed with dilute sulphuric acid. In this country, 
however, where candle manufacturers (not being soap- 
makers also), are prohibited by law from having 
alkaline leys in their possession, the saponification is 
effected by lime alone. The disposition of the liquid 
acid to crystallize on cooling was formerly counter- 
acted by the addition of about one thousandth part of 
arsenious acid. This deleterious substance is not, 
however, introduced at present. Stearine candles, 
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when properly tnade, are white [and inodorous, and 
burn with as white a flame as wax. Their combustion, 
however, is a little more rapid than that of wax. 

The composition of anhydrous stearic acid, accord- 
ing to Redtenbacher, is represented by the formula 
Cfig Hge O5 ; one equivalent of the acid, according to 
this formula, requires two equivalents of a base for 
its complete saturation. 

Neutral stearate of potash (2K0 + C(j8 He^ O5) is 
a firm soap when cold, soluble in twenty-five parts rf 
hot water, but more soluble in an alkaline solution. 
When a solution of this compound is mixed with a 
considerable quantity (one thousand parts to one of 
the stearate) of cold water, it is resolved into an acid 
stearate or bistearate of potash, which is precipitated, 
and free potash, which remains dissolved. When a 
solution of chloride of potassium is added to a con- 
centrated alkaline solution of the neutral stearate, the 
latter is precipitated as a viscid mass, which becomes 
firm on cooling. If common salt is substituted for 
chloride of potassium, the precipitate consists of the 
neutral stearate of soda, which is harder and less 
soluble in water than the corresponding potash com- 
pound. Like the latter, it is decomposed when mixed 
with a great quantity of water (two thousand parts) 
into a bistearate, which precipitates, and free soda, 
which remains dissolved. 

Margarine^* or margarate of glycerine^ is solid at 
common temperatures, but more fusible than stearine. 
It is the principal constituent of human fat and goose 
fat, and is contained in most fats and oils. The 

* So named from ftapyapirris, a pearl, on account of the pearly lustre 
of margaric acid. 
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•crystals which are deposited from olive oil on expo- 
sure to cold are a chemical compound of margarine 
and oleine (Liebig). 

Mar gar ic acid (the oily acid peculiar to marga- 
rine) is most easily obtained by heating impure 
stearic acid (such as the stearine used for making can- 
dles) with its own weight of common nitric acid for a 
few minutes. The fatty acid which is deposited as the 
solution cools contains a little oleic acid ; to remove 
which, the mass is compressed between folds of blotting 
paper, and dissolved and crystallized from alcohol 
several times successively, till its melting point re- 
mains constant at 140'' (Liebig). In appearance, 
margaric acid greatly resembles stearic, but it is more 
fusible. Its alcoholic solution has an acid reaction. 
The formula of the anhydrous acid is Cgg Hga Og. 

Margaric acid, like stearic, forms with potash and 
soda neutral and acid salts, the latter containing half 
as much alkali as the former. The neutral salts are 
readily soluble in water, and the solutions aflTord pre- 
cipitates of the acid salts or bimargarates when very 
largely diluted. The neutral margarate of potash is 
rather soft, but the neutral margarate of soda is some- 
what harder. The formula of the neutral stearate of 
soda is 2NaO + Ce% Hw Og. 

Oleine^ or oleate of glycerine^ forms the principal 
constituent of oils, and may be obtained, though not 
in a state of purity, by subjecting congealed almond 
oil to pressure. The fluid portion which exudes is 
oleine, generally containing in solution either stearine 
or margarine, or both. At a very low temperature, 
oleine solidifies. If quite free from foreign matters 
capable of exciting a fermentative decomposition, 

VOL. II. I 
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oleine does not become rancid, but this body is mon 
liable to decomposition than either stearine or nunr- 
garine. The oleine of drying oils appears to to I 
distinct substance from the oleine of fat oils (fiedten- 
bacher). 

Oleic acid is an oily liquid of a faint yeUowisk 
tintf having an acid reaction on test-paper, a yery 
weak odour, and a pungent taste. Wh^i cooled to 
some degrees below the freezing point of water, it le^ 
comes a mass of crystalline needles. It is soluble in 
alcohol and ether, and is more easily decomposel 
than any other of the oily acids. The soapy conh 
pounds which oleic acid forms with potash and sodi 
are both soft and t^ soluble in water, unless ilusj 
contain an excess of acid. The composition of okk 
acid has not been decided with certainty* j^coording 
to the analysis of M. Yarrentrapp, the formuia of the 
hydrated acid is HO + C44 Hj^ O4. 

Glyceri7ie. — In a state of purity, glycerine is % 
syrupy liquid, inflammable, inodorous, but very sweet 
to the taste, and was hence named by Scheele, its dis- 
coverer, the sweet principle of oils. It is misdUe 
with water and alcohol in all proportions. It cannot 
be distilled alone without decomposition, but partiilly 
volatilizes when boiled with water. It is not ferment- 
able, nor is it subject to spontaneous decompositioiL 
In its solvent power on alkaline and metallic salts 
and other bodies, glycerine is nearly equal to water. 
It unites with sulphuric acid to form an unsbAk 
compound, which possesses the properties of an add. 

The most convenient method of preparing glyo^ 
rine is to saponify olive oil with oxide of lead (HA- 
arge) and a little water, by boiling tiiem togetto; 
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&e soap of oxide of lead then formed is insoluble in 
water, but the liberated glycerine dissolves, accom- 
panied by a small quantity of oxide of lead, which 
may be removed by passing a current of sulphuretted 
hydrogen gas through the liquid. After being filtered 
and carefolly evaporated, the liquid leaves a residue 
of glycerine nearly pure. 

It is obvious from what has already been stated, 
that the consistence of oils and fats must be related 
to the proportion in the oil or fat of oleine on the 
one hand, and of stearine and margarine on the other. 
If oleine predominates, it is liquid, and the tem- 
perature at which it solidifies is lower in proportion 
as the oleine is in excess ; if margarine is the prin- 
cipal constituent, the consistence is about that of 
Imrd ; but if stearine is most abundant, the fat is firm, 
like mutton suet. The principal oily and fatty mat- 
ters hitherto minutely investi^ted, which contain in 
combination with glycerine other fat acids than those 
wliich have just been described, are, palm oil, train 
oil, butter of the cow, butter of nutmegs, butter of 
the cocoa-nut, the fat of the goat, and castor-oil. 

Besides stearine, oleine, and margarine, most oils 
and fats contain in their ordinary state small quan- 
tities of foreign colouring and odoriferous matters, 
which vary with the different kinds, and which may 
be removed without affecting the essential characters 
of the oil or fat.* They also contain more or less 
albuminous or similar azotized matters common to all 

* la most cases, such matters may be almost entirely removed by 
^UgenCpiig the oil or liquefied fat with animal charcoal for twenty-four 
hovK. The foreign bodies present in oils used for burning in lamps 
considerably decrease the brilliancy of &e flame and also tend to dog 

X 2 
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plants, as membrane and mucus, which act like yea«t 
in exciting a fermentative decomposition of many or- 
ganic bodies with which they are in contact. To the 
presence of these matters, the rancidity which most I 
oils acquire on exposure to the air, partly through 
the absorption of oxygen, may be ascribed ; for pure 
stearine, margarine, and oleine do not become rancid 
on exposure to the air. A rancid oil contains the 
oily acids in a free state, and a volatile body to which 
the peculiar odour is due. 

Many oils, when exposed to the air, become con- 
verted through the absorption of oxygen into a tough, 
transparent, resinous mass or varnish, which does not 
afford an oily stain to paper ; but others do not dry 
on exposure to the air, though they may become 
somewhat more consistent. Hence a well-marked 
distinction of oils into two classes, drying oils and fat 
oils. The former form soft soaps with alkalies, and 
the latter, if of vegetable origin, hard ; and the former 
do not solidify like the latter when mixed with ni- 
trous acid, or nitrate of suboxide of mercury. The 
oleic Bcid of drying oils appears to be a distinct sub- 

the wick. Oil intended for burning may be conveniently purified by 
strongly agitating it with two or three parts per cent, of concentrated 
sulphuric acid, which would have no action on the oil, but cause the 
separation of the foreign matters in brown flocks. The mixture should 
be allowed to remain at rest for twenty-four hours, and be then heated 
by introducing steam, till its temperature rises to 160° or 170° Fahr. 
It is then allowed to stand quiet for three or four days, during which 
time it settles into three strata : the uppermost stratum is the purified 
oil, which should be washed with water, and filtered through cotton 
placed between perforated metallic plates ; the middle stratum is brown 
impure oil, from which, after a time, an additional quantity of pure oil 
may be obtained ; and the lowermost is water charged with sulphuric 
acid and the products of the decomposition of the foreign matters. Such 
a process as this was long ago devised by M. Th^nard. 
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stance from the oleic acid of fat oils. It dries in the 
air to a resinous mass, like the oil from which it is 
derived. 

Tallow is the concrete fat of oxen, deer, and large 
quadrupeds in general, melted and separated from the 
fibrous matter with which it is at first accompanied. 
It consists chiefly of stearine, with a little oleine, and 
16 firm, brittle, and has a peculiar and heavy odour. 
It soon becomes rancid on exposure to the air. As 
met with in commerce, it usually has a yellow tinge; 

r 

but when pure it is white, and nearly insipid. It is 
divided into two chief varieties, according to its 
piirity and consistence, namely, candle and soap tal- 
low ; and these are subdivided into other classes, ac- 
cording to the colour of the tallow, and (if foreign) to 
the place from whence it is imported. Its quality 
depends in some degree on the animal from which it 
16 procured ; but more, probably, on the care observed 
in its preparation. It is generally sufficiently pure 
to be used in soap-making without any previous pu- 
rification. 

Besides a great quantity of tallow supplied by the 
home slaughter, about sixty thousand tons per annum 
are regularly imported into the United Kingdom, by 
far the greater part of which is brought from Russia. 
Of late years, considerable importations of tallow 
have been made from the States of the Eio de la 
Plata. The price of " soap tallow " from St. Peters- 
burgh and Siberia is generally about two pounds or 
guineas per hundred-weight, and that of British a 
little higher. 
In the manufacture of the coarser kinds of white 
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soap, a consideraUe quantity of the heterog^neooB 
substance known by the name of ^^ kitchen stuff'' is 
consumed, after being refined by melting, washii^, 
and straining. The price of this article in the rongh 
state is generally about twenty-fiye shilliiigs per hun- 
dred-weight. 

Pahn oiL — This important artdde of eoBEUiNroe 
is derived from the firuit of ihe Elats Ouianensiij 
or oil-palm (considered to be identical with the awnra 
elats of Aublet), whidi grows on ike west coast of 
Africa, to the south of Fernando Po* This tree abo 
grows in Brazil ; but the commercial demand f<»r the 
oil is exclusively supplied from the west of Africa, 
where the palm is made an object of extensive cul- 
tivation. The fruit of this tree is of a golden^ 
yellow colour on the outside, and about the size ud 
shape of a pigeon's egg. To obtain the oil, the 
fleshy covering of the fruit is said to be detached 
from the kernel, and bruised into a paste, which is 
agitated with a quantity of boiling water. On stand- 
ing, the oil rises to the surface, and concretes, as 
it becomes cold, into a mass of the consistence of 
butter. 

When fresh, palm oil is of an orange-yellow co- 
lour, has a sweetish taste, and the odour of violets; 
its Aising point is then SV Fahr., but old palm oil 
does not melt at a lower heat than dO"" or 96''. By 
exposure to the air pdm oil soon becomes rancid, 
both glycerine and the fatty acids being liberated. 
This oil contains about two-thirds of its weight of 
a peculiar white solid fat, to which the name of 
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iiin* has been given. The remainder is prin* 
'l^ally oleine. 

,^^ -Few articles have increased so rapidly in com- 
^^^toial importance, of late years, as palm oil. 
though introduced as an article of commerce within 
yhfi last forty years, it is now regularly imported 
^to this country to the amount of near twenty 
"^^lumsand tons annually ; and nearly the whole of 
Hiis quantity is consumed in the soap manufacture. 
A trifling quantity is also used in perfumery. Mr. 
Jamieson has shewn, in his pamphlet on the im- 
portance of our trade with the West Coast of Africa, 
that the trade in pakn oil has been the principal 
instrument in the reduction of that in slaves. The 
oil is procured by barter of goods of British manu- 
facture, and the trade is free from those fiscal regu- 
lations which impede our commerce with old states. 
The present duty on this article is sixpence per hun- 
dred-weight. To the British soap manufacturer it 
is cheaper than tallow to the amount of about ten 
pounds per ton. 

To melt the oil for the purpose of withdrawing it 

* Palmitin is analogous in its chemical constitution to stcarine, &c., 
beii^ B compound of oxide of glycerule with a fatty acid, which has been 
called /kiIm»^ acid. Palmitin may be obtained pure by subjecting palm 
oil to pressure, washing the residue with hot alcohol, dissolving it in hot 
ether, in which it is yery soluble, and crystallizing. It fuses at 118° ; and 
09pgeals, on cooling, into a friable mass, similar to wax. Palmitic acid 
is obtained by saponifying palm oil with a caustic alkali, and decom- 
pofing the resulting soap by a strong acid. A little oleic acid accom- 
ptnies the palmitic acid thus prepared, but the former may be separated 
by-aolxttion in alcohol and by pressure. Palmitic acid resembles mar- 
giiic acid in appearance ; its fusing point is 140°. According to Dr. 
Stenhouse, the formula of palmitic acid, in its hydrated state, is H0-|- 
C„ H„ O^ and that of pdmitin C„ H„ O4, or C, H, O+C,, H„ 0,. 
Qljeerioe is represented by C, H, O. 
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from the casks in which it is imported, it is commoQ |i 
to intr<Nlace steam within the cask hj a pipe, the 
cask being placed over a trough with its bnng downr 
wanls. By the time it reaches this couiitrj, palm 
oil is generally of a deep orange-red colour, and 
hence cannot be employed in making soap without 
undergoing a process of bleaching. The bleaching 
is carried to a greater extent when the oil is in- 
tended for the preparation of white than of yellow 
soap. The substance which is the sonrGe of colour 
is not proper to the pure oil, the constituents of 
which, when in a state of chemical purity, are co- 
lourless ; it is a product of the spontaneous decom- 
{Mjsition of a peculiar principle derived firom the 
palm, and is capable of being decomposed and de- 
colorized at a high temperature by all the ordinary 
bleaching agents, as chlorine, chromic acid, the 
air, &c. 

The most ready, but most expensive, mode of 
bleaching palm oil is probably that patented a few 
y(!ars ago by Mr. Watt, the bleaching agent in which 
is chromic acid, or rather nascent oxygen, produced 
through the decomposition of chromic acid. In this 
process the oil is first of all heated in a common 
steam boiler for half an hour, then allowed to settle, 
and when cooled down to 130° Fahr. is decanted 
from the sediment and the water formed by the con- 
densation of the steam, and placed in wooden vessels, 
each capable of containing about half a ton. To 
each ton of oil thus far freed from extraneous 
matters is added the following mixture : twenty- 
five pounds of bicliromate of potash dissolved in 
water so as to make a saturated solution, eight pounds 
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of concentrated sulphuric acid, and about fifty pounds 
of strong muriatic acid ; or instead of the muriatic 
acid, the same weight of common salt may be in- 
troduced, together with a sufficient quantity of sul- 
plrnric acid for its decomposition.* After being 
weU agitated with this mixture for a few minutes, 
the oil changes in colour, becoming first black, then 
dork green, and soon afterwards light green, when 
a thick froth appears on the surface. The appear- 
ance of a light green colour and a froth is an in- 
dication of the completion of the process. K a little 
of the oil, when taken out and allowed to settle, does 
not appear sufficiently decolorized, an additional 
quantity of the bleaching mixture may be added. 
It is stated that a ton of oil may be rendered quite 
colourless by this process in five minutes. 

The oil is next allowed to remain undisturbed for 
about half an hour, for the aqueous solution of chlo- 
ride of chromium, sulphate of potash, and other 
foreign matters to subside ; after which it is pumped 
off from this sediment into a wooden vat, mixed with 
a little fresh water, and heated for a short time by 
the introduction of steam. After being once more 
allowed to settle, it may be decanted fit for use. 

In this process, the oxidation of the colouring 
matters of the oil is effected by chromic acid, liberated 
from the bichromate of potash by the sulphuric or ra- 
ther muriatic acid. The chromic acid yields oxygen 
to the colouring matters, and becomes reduced to 
the state of green oxide of chromium, which, by thq 

* Such are the materials and their proportions recommended by Mr. 
Watt. Most bleachers of palm oil, however, take twenty poonds of bi- 
chromate of potash and about forty pounds of commercial muriatic add. 
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action of muriatic aoid, gires riae to chloride of chro- 
mimiL* The latter is founds when the mixture with 
the oil has settled, dissdved in water at the bottom of 
the vat, and may be made available in the preparatira 
of more bichromate of potash or duromate of lime. 

This process was yery entensiyely followed in the 
soap manufactories of tliis country a few years since; 
but being expensive, it is not generally practised at 
present, except in purifying oil intended for pre- 
paring white soap. The expense of decolorizing a 
ton of oil in this way is generally about thirty 
shillings. 

Chlorine is not so well adapted for bleaching palm 
oil as chromic acid. The colouring matter of the 
oil is readily decomposed by chlorine ; but the lattar 
exerts an injurious action on the oil itself, ^sausing 
it to become of a brown colour, and iujuring its con- 
sistence. This bleaching agent has been used, how- 
ever, for decolorizing pahn oil on the large scale; 
the materials for generating the chlorine, namely, 
black oxide of manganese, sulphuric acid, and mu- 
riatic acid, being introduced directly into the mielted 
oil. Considecable inconvenience was formerly expe- 
rienced in this process from the slowness with which 
the minutely divided oxide of manganese subsided 
from the oil, but this is now completely surmounted 
by enclosing the manganese in a doth bag. 

In a method of bkaching palm oU introduced into 
the soap manufactories of Liverpool about six years 
since, the discharge of the colouring matter was 

* The hydrogen of the muriatic or hydrochloric acid unites with the 
oxygen of the oxide of chromium to form water, while the chlorine and 
chromium uniteat the same time to form a soluhle compound. 
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alfected by exposing the oil, contained in a strong 
swrt-^iron boiler built oyer a fnmace, to the tempe- 
rttfeHie of 450"", which completely decomposes the 
xiloaring matter without being injurious to the oil. 
By the time the oil near the surface became heated 
to 450'', that near the bottom of the boiler frequently 
soquired a temperature higher than 600°, when it 
became carbonized and partially conyerted into gas. 
A. xxmsiderable portion of tiie dl hence frequently 
acquired a black colour from intermixture with the 
carbonized oil at bottom, and another inconyenience 
ia this plan consisted in the explosions which some- 
times resulted from the disengagemmt of inflammable 
gas. For these and some other reasons this method 
has been yery generally abandoned. 

If freely exposed to the air, the palm oil may be 
completely decolorized at a temperature far below 
480°, and eyen below 212''. The process requires a 
OQBsiderably longer time, howeyer, with these oom- 
paratiyely low temperatures. 

Mr. Cameron's process for bleaching palm oil is 
conducted in the following manner.* The oil is 
introduced into a cast-iron pot, capable of holding 
from 'three to four tons of oil, fixed oyer a small 
furnace, and furnished with two or more pipes for the 
circulation of steam, and a horizontal reyolying fan 
of i^^eet^iron for the purpose of agitating the oil. 
By means of a fire in the frimace underneath, the 
oil is heated to the temperature of 230"*; the fire is 
then withdrawn, but the temperature of the oil is 
maintained at that point by introducing high-pressure 
steam from a boiler loaded with fifteen pounds on 

* Tmnsaatfons of the Society of Arts. 
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one square inch of the valve, until the oil is suf- 
ficiently deprived of its colour. During the whole 
process the oil requires to be agitated for the purpose 
of bringing it into more complete contact with the 
uir, the oxygen of which is the principal agent conr 
cemed in the decoloration. The agitating fan may 
be revolved at the speed of about six revolutions per 
minute. It is stated that four tons of oil may be 
bleached in this manner in ten hours, at one opera- 
tion, at an expense of from eight to twelve hundred- 
weight of small coal. 

All that is essential in this mode of bleaching is 
obviously the exposure of the oil to the combined 
influence of air and heat, many modes of accomplish- 
ing which might be devised. In a process for bleach- 
ing oils and fatty matters, of this nature, made the 
subject of a patent by Mr. Arthur Dunn in 1843, 
the air is forced below the surface of the oil through 
pipes by means of a blowing apparatus, and then 
allowed to rise through the liquid in numerous small 
streams; the oil being maintained at a temperature 
between 170** and 230° Fahr. by steam-pipes or other 
means. A hood conununicating with a chimney is 
placed over the vessel containing the oil, for the 
pmi)ose of conducting away the unpleasant vapours 
which are disengaged. 

The oxidizing action of the air on the impurities in 
palm oil seems to be accelerated by combining the 
influence of light with that of heat. With the view 
of accomplishing this, the oil is sometimes placed in 
a thin stratum in a large, shallow, uncovered vat, 
similar to the coolers used in brewing for the purpose 
of rapidly reducing the temperature of the wort pre- 
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vious to fermentation. Several such vats, each about 
one foot in depth, may be heated by means of steam 
passed though serpentine leaden pipes proceeding 
from a common boiler: one extremity of each tube 
may terminate in a receiver for the condensed water 
which may be returned to the boiler. Each vat is 
.first two-thirds filled with \#^ater; when this is become 
hot, a sufficient quantity of palm oil is introduced, 
to form, when fluid, a stratum of about two inches 
in depth, which should be maintained during the 
whole process at a temperature as near 212° as pos- 
sible. To preserve an equal temperature at different 
parts of the vat, the steam may be admitted at 
opposite ends, and circulated in opposite directions, 
by two distinct serpentine tubes. Both air and light 
having access, the time required for the decoloration 
of the oil at a temperature near 212° is from ten to 
fifteen hours; the thinner the stratum of oil, the more 
rapid is the process. M. Payen has ascertained, in 
operatiDg on the small scale, that the rapidity of 
the bleaching action is not sensibly lessened by loosely 
covering the containing vessel with a plate of glass, 
provided the renewal of the air over the surface of 
the oil is not much interfered with;* and hence 
suggests to manufacturers the propriety of adopting 
such an expedient on the large scale, for partially 
preventing the great loss of heat which occurs from 
the extensive surface of oil presented to the air in 
the open vessels commonly used in this mode of 
bleaching the oil. While fluid, the blanched oil 

* If exposed to the temperature of 212° in a closed glass vessel, so 
that light and heat have access, hut not air, the oil does not hecome 
hlanched. 
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retains a fawn-coloured tint; but when cold and solid 
it is greyLdi-white. 

Strong nitric acid (the nitrous acid of the shops) 
has been successftilly aj^lied to pakn oil as a bleadi- 
ing agent. To procure oil pafectty colourless, two 
gallons of acid of sp. gr. 80* Tw. (1'400) should be 
mixed with fiye tons of the oil to be decolorized. 
The oil may thereby be rendered perfectly colourless 
at a very moderate expense; but it is apt to become 
slightly coloured by keeping, and the soap made 
with the oil thus bleached is also coloured. 

Of all these methods of bleaching palm oil, that 
which effects the decomposition of the c<^uring nuit- 
ter most <!om^etdy is Afr. Watt's {Nrocess by means 
of bichromate of potash, but the expense of this mode 
precludes its extensiye adoption except for oil used 
in making the fin^ kinds of soap. When once pa> 
fectly blanched by this process, the oil may be pre- 
served without acquiring colour, and the soap made 
from it does not become coloured, like that made firom 
oil bleached by the air and heat, or by means of nitric 
acid. When the oil is to be used for making yellow, 
and not white soap, the most conyenient mode of 
bleaching, having regard to economy, is by the action 
of the air, the oil being moderately heated. It seems 
that the colour does not reappear to so great an 
extent when the oil ^has been moderately heated (say^ 
to ISO"*), as when it has been maintained at a temp 
perature above 212^; it should be heated to 212"*, 
however, at the commencement of the process, and 
then be allowed to cool a little. The oil does not 
become sensibly bleached when only moderately heated 
so long as water is present; but when all mcHsture 
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is dii»ipated, the blanching commences immedi- 

When rancid pahn oil, which always contains free 
adds, is mixed with a ley containing snlphuret of 
flodinm, a considerable quantity of snlphnretted hy- 
di^gen gas is disengaged, through the decomposition 
of the alkaline snlphuret by the acid. In mixing 
the materials for yellow soap, sufficient sulphuretted 
hydrogen is sometimes emitted to completely stupefy 
the workmen* 

/2o«m.— -This substance forms an important in^ 
gredient in the composition of yellow soap. It is 
inrocured by the distillation of the yellowish-grey, 
aemi-fluid body, known by the name of turpentine^ 
which is an exudation from incisions made in the 
stems <)f various species of the pine-tree. Several 
varieties of turpentine are met with in commerce, 
having distinctive names, according to the countries 
from whenoe they are procured, and the. trees from 
which they were extracted. When distilled along with 
water, all these turpentines (or balsams^ as some of 
them are termed) a£ford a volatile oil or essence, and 
leave a sdid resinous residue, which in . the case of 
common turpentine, extracted principally from the 
Pinus abies and Pinus sylvestris^ is rosin or colo- 
l^ony. The distilled essence is oil of turpentine. 

Though employed in the manufacture of soap in 
the place of a fixed oil or fat, rosin is not to be con- 
sidered analogous to a fat in its chemical constitu- 
tion, or to be capable of forming with an alkali a 
proper soap by itself. Rosin contains no glycerine, 
nor any equivalent for that substance, but is an in- 
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definite mixture of three distinct bodies pc^sessing 
well-marked acid properties, each of which is capable 
of combining with alkalies, and readily dissolying in 
alkaline solutions, though quite insoluble in water; 
The compounds of these resinous acids with soda 
cannot be separated from their solutions in water by 
common salt, like true soda soaps, nor do their con- 
centrated solutions become mucilaginous or gelatinous 
on cooling. Such solutions, however, produce a la- 
ther when agitated, like a solution of soap. 

The three resinous acids which constitute common 
rosin have been named sylvic, pinic, and colopholic. 
Sylvic acid may be dissolved out of rosin by weak 
alcohol, in which pinic acid is insoluble. The latter 
may be dissolved by strong alcohol. Colopholic acid 
is a product of the action of heat upon pinic acid) 
formed during the distillation of the oil of turpentine^ 
It is brown, and the chief cause of the colour of 
common rosin ; pinic and sylvic acids being colourless 
when pure. It is volatUe, and may be procured by 
distilling pinic acid. 



§ III. MANUFACTURE OF HARD SOAP. 

The boilers or " coppers " employed in this country 
in the soap manufacture are made of cast-iron in 
three principal pieces, commonly joined together by a 
cement made with iron-rust,* sal-ammoniac, and sul- 

* Lead is sometimes used as a solder to join the pieces of the soap- 
pan, instead of iron-rust cement ; the former being preferred in- conae- 
quence of the facility with which it may be removed when the pan be- 
comes cracked ; but in other respects it is decidedly inferior to iron-mst 
cement. 
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phiir ; the top and middle pieces, called '' curbs," are 
firmly set in masonry ; the fire has direct access only 
to the lowest piece or " pan," which may be easily 
removed should it become cracked, without disturb- 
ing the masonry. The usual source of heat is a 
small open fire-place ; but in some soaperies, heat is 
applied by introducing steam. 

White Soap. — The unctuous matgial commonly 
employed in this country and the north of Europe 
generally in the preparation of white soap is tallow ; 
a small proportion of white soap is also made from 
well-refined palm oil. In France, almost the only 
nnctaons matter employed in making this kind of 
soap is olive oil, of inferior quality. The proper 
alkali is soda, whether oil or tallow be used. The 
whole quantity of tallow or oil consumed in making 
one batch of soap is commonly introduced into the 
soap-pan at one time, but the alkali is applied several 
times successively. To produce one ton of soap, 
there are required from ten to fourteen hundred- 
weight of tallow, or about the same quantity of olive 
oil. 

The average composition of ordinary white tallow 
soap may be taken at, alkali one part, and fatty 
acids about nine parts ; with from five to eight parts 
of water. In diflferent kinds of soap, the proportion 
of taUow or oil ranges between seven and eleven parts 
to one of alkali, and the proportion of water between 
thirteen and fifty parts to one hundred of perfectly 
dry soap. Allowing one part of pure alkali for nine 
parts of tallow, and supposing the leys to be com- 
pletely deprived by the tallow of their caustic alkali, 
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ft ton <^ tallfiw would require 4-6 hondred-wcigfats if 
aodft'uh cuntaiuuig 48 per cent, of pare soda. A 
much larger ([uantity <rf alkuli, bowcrer, is fuund to 
be necessary in practice, as ihe leys are seldnm pa- 
fectly caustic, and never wholly deprived of that 
alkali. In making Wlud^r soap, of the best qnaUtj, 
the tallow is generally mixed vith atmut ten percent, 
of inferior olive oil. 

The entire quantity of tallow,* mixture of talkw 

I And lurd or olive oil, or palm oil, to be used at one 
operation, which we may suppose a ton, having heeii 
introduced into the boiler, (roia one hundred and 
fifty to two hundred gallons of soda ley of specific 
gravity 18° Tw. (1-090) are added, and the mix- 
ture is gently boiled. After ebullition for one or 
two hours, the whole forms a viscid emulsion, capable 
of being draivn out into clear threads. In this state, 
tlic soap which has been formed is dissolved in the 
ley, and must be separated before the spent ley can 
be withdrawn and a fresh one applied. A method of 
separating the soap now commonly resorted to hott 
in this country and on the Continent, consists in fie 
application of common salt, which dissolves in the 
liquid, and causes the soap, which is perfectly in- 
soluble in a strong solution of salt, to rise to the siir- 
fac*. When salt is not added for this purpose, thf 
separation of the scap is effected by the saline matters 
' preset as impurities in the ley. The separatiMi 
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IS known to be complete by placing a little of the 

mixture on a flat surface, when the fluid ley flows oft' 

and leaves the soapy paste behind. When the soap 

is completely separated, the liquid ceases to froth on 

ebullition.* 

* The following observations, by Professor Liebig, describe more fully 
tiie comportment of soap with a solution of common salt (Annalen der 
Chemie und Pharmacie, xxxvii). 

^^ If a piece of common hard soap is put into a saturated solution of 
aalty at ordinary temperatures, it swims upon the sur&ce without being 
moistened, and if heated to ebullition, it separates without foam into 
gelatinous flocculi, which collect on the surface, and on cooling, unite into 
a solid mass, from which the liquid flows off like water from fat. If the 
flocculi are taken out of the hot fluid, they congeal, upon cooling, into an 
opaque mass, which may be pressed between the Angers into fine laminte 
without adhering to them. If the solution is not quite saturated, the 
soap then takes up a certain quantity of water, and the flocculi separate 
through the fluid in boiling. But even when the water contains ^th 
of common salt, ebullition effects no solution. 

'' If the soap is boiled in a dilute and alkaline solution of salt, and 
suffered to cool, it collects on the fluid in a more or less solid state, 
depending on the greater or less concentration of the solution, that is, on 
the quantity of water taken up by the soap. By boiling the soap for a 
considerable time with a dilute solution of salt, the watery flocculi swell 
upy and the mixture assumes a foaming appearance ; but still they arc 
not dissolved, for the solution separates from them. The flocculi, how- 
ever, have become soft and pasty, and even remain so when cold, and 
their pastiness depends on the quantity of water they have imbibed. By 
continuing the ebullition, this character again changes, and in proportion 
as the evaporation of the water renders the solution more concentrated, 
the latter again extracts the water from the flocculi ; the liquid, how- 
ever, continues to froth, but the bubbles are larger. At length the point 
is attained at which the solution becomes saturated ; the large iridescent 
babbles formed just before this, disappear, and the liquid continues to 
boil without froth ; all the soap collects as a translucent mass on the sur- 
&ce, and the solution and soap cease to attract water from each other. 
If the plastic soap is now removed, and cooled, while the solution is 
pressed out, it becomes so solid as scarcely to receive an impression from 
the fingers. In this state it is called grain-soap (Kemscife). 

'* The addition of salt, or its solution, to a concentrated alkaline solu- 
tion of soap in water, precipitates the soap in gelatinous flocculi, and the 
mixture comports itself precisely like solid soap boiled with a dilute solu- 
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troduced. The mixture is then boiled for a few 
hours, until nearly the whole of the free alkali has 
Veen taken up, and the soap again separated from 
the liquor, when the fire is again withdrawn, the 
mixture cooled, and the spent ley pumped ofi*. These 
operations are several times repeated with leys gra- 
dually increasing in strength to SQ"" Tw. (1*180), 
until the soap tastes slightly alkaline, feels dry and 
not oily to the fingers, and presents certain appear- 
ances indicative of a sufficient action of the alkali ; in 
general, two or three boils are given daily for as 
many days.* The boiling with ley several times suc- 
cessively serves not only to complete the saponifica- 
tion, but to wash and purify the soap. 

In Germany, where potash is just as accessible as 
soda, hard soap is made by a process very difierent 
from that followed in this country. The oil or tal- 
low is first completely saponified by means of potash 
ley, and the potash soap thus formed is decomposed 
by adding a considerable quantity of common salt, 
which gives rise to the formation by a double decom- 
position of a soap of soda and chloride of potassium. 
The change is simply a transposition of the potassium 
in the soap and the sodium in the common salt. As 
chloride of potassium does not cause the separation of 
soda soap from its aqueous solution like common salt, 
it is necessary to apply considerably more of the 
latter than is necessary for the mere decomposition. 
The above process was formerly pursued in this coun- 
try, but the high price of potash, and the low price 

* When kelp was used in the soap manufacture instead of soda-asli, 
and weaker leys employed tlian at present, three boils were frequently 
given for six successive days. 
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feet in height. Tiiese frames are put together and 
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-■s, wd the good eondncting power of the iron 
lierably accelerates the cooling of the soap. Tiie 
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by the Excise, but the deitth is left to the con- 
jee i.if the maiuifactmvr, excepting t 
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As soon as the soap is put into the frames, it is 
mixed with a small quantity of water, and well agi- 
tated with a wooden pole called the " crutch " until 
Bearly cold. If allowed to solidity in the state in which 
it is withdi'awu from the copper, the soap would have a 
iUgh granulated texture, and he very hard (if made 
fixtra tallow and soda only) ; but it acquires a finer 
grain, and becomes softer, by being agitated with a 
Kttle water. 

Wben the mass of soap has solidified and become 
cold, the iron screw-rods which bind the frames to- 
gether are removed, and each frame is lifted ofi* the 
, which is left as a compact mass of the size of 
the interior of the frame. This mass is then cut by 
means of a wire into slabs of two or three inches in 
thickness, which are subdivided by a machine into 
the bars in which the soap is sold. The bars are 
piled away one upon another crossways, in the form 
of a wall, interstices being left for the circidation 
of air; in which state they are allowed to remain 
for a short time, to allow of the exudation of the 
saline solution with which the soap is still impreg- 
nated to a small extent. 

As the exhausted leys, wMcli are pumped out of 
the soap-copper, are not wholly deprived of their 
free alkali, and contain sulphate of soda besides, 
they should be evaporated to dryness and the re- 
sidue be calcined with lime-stone and small coal, in 
order to obtain the alkali in the state of carbonate. 

Mottled Soap. — Mottled or marbled soap is made 
from the same kind of materials as white soap, but 
the tallow fur the former is selected with less care 



1 that for the latter, und the betertigeueuiu &tty 

lulietance known as " kitclien-stuff" generally formi 

^e of tliL' Diatcriiils for mottled suap. The process 

■ saponification b conducted in just the same mui- 

for mottled as for white soap, the principal 

Biflerence consisting merely in the relative time si- 

lowed for tlie separation of the soap from the last ley, 

Jcfore it is transferred to the frames ; mottled soap 

flieing removed earlier than white soap. The brown 

yeins in mottled soap are due to the presence of es- 

Iceedingly minute traces of sulphuret of iron derived 

Pfrum the last service of ley, in which the sulphuret 

■iras dissolved, probably iu combination with alkaline 

Y'Bulpburet, for leys containing sulphuret of sodium 

yield far more iron to the soap than those which 

I contain none. While the soap is in the frames, the 

I ley diffused through it unequally, slowly separates 

} the soap cools, and leaves in its track the brownisll 

I veins. A perfectly colourless ley, apparently firee 

I from every trace of iron, may, nevertheless, contain 

I quite sufficient to produce mottling, if allowed to 

Iseparate from the soap slowly. In some soaperies 

I the mottling is produced by sprinkling on the snr- 

I free of the soap, after being boUed with the last 

■service of ley, a small quantity of very strong and 

I sulphuretted ley, which produces the mottling by 

Ifilturing slowly through the mass of soap,* 
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Silicated Soap. — The true silicated soap, made 
according to Mr. Sheridan's patent, consists of a 
mixture of silicate of soda with hard soap. The 
ulicate of soda is prepared by boiling the powder of 
flints in a strong caustic ley, until the compound 
attains about twice the density of water. When of 
that strength, it contains, according to Dr. Ure, 
about thirty-five parts of silica, and forty-six of 
hydrate of soda, in one hundred parts. This com- 
pound is added to hard soap in a liquid or gelatinous 
state, and the mixture is well triturated in an iron 
pan, and then conveyed to the frames to solidify. The 
detergent properties of the soap thus made are very 
<sonsiderable. But the soap now sold under the 
above name is generally made by mixing with the 
pasty soap while in the frames a quantity of china 
clay, previously well rubbed up with a little caustic 
ley. As the clay possesses, of itself, no detergent pro- 
perty, its addition to the soap can only be regarded 
as an adulteration. The soap of English manufacture, 
which paid duty in 1842 as silicated soap, amounted 
to nine hundred and sixty tons. The whole of this 
quantity, however, might not have been silicated, for 
any kind of soap which possesses a greater density 
than 1*050 is considered by the Excise to be silicated, 
though it may not contain a particle of silica. This 
soap generally contains about one-fifth of its weight 
of silica or china clay. 

Yellow Soap. — The essential difference between 
yellow soap and all other kinds is due to the pre- 

to tlie soap, during the boiling, a very small quantity of solution of 
sulphate of iron (copperas). 
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f agitation, for the purpose ctf waging and porilying 
the soap. The resinous scum heing removed for 
another operation, the soap may be conveyed to the 
iron frames (page 326) to solidiiy. Yellow soap 
usually contains to one part of alkali (soda) from 
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ten to eleven parts of oil or fat and rosin, with from 
twenty-four to fifty per cent, of water. The yellow 
soap which contains a large proportion of water, has 
just the same appearance as that which contains only 
a Binall proportion. When the soap contains any- 
thing like fifty per cent, it has been added while 
the soap is in the frames for the purpose of sophis- 
tication. 

Transparent Soap. — This fancy soap is made by 
gently heating, in a copper still, equal weights of 
white tallow soap cut in shreds and made perfectly 
dry, and spirits of wine, a little turmeric or archil 
being added as a colouring matter. When the spirit 
has taken up as much of the soap as it is capable of 
dissolving, the source of heat is withdrawn from the 
still, and the solution allowed to settle for a few 
hours, after which it is poured into tin frames to be- 
come solid. After exposure to dry air for a few 
weeks, the mass becomes transparent, and is then 
fashioned into the cakes in which it is sold. 



§ IV. MANUFACTURE OF SOFT SOAP. 

The manufacture of soft soap is much simpler than 
that of hard. This article difiers considerably from 
hard soap in its consistence and general appearance, 
and is made from different materials, potash and either 
a drying oil or a fish oil being essential ingredients. It 
is more alkaline and more soluble in water than hard 
soap, and is principally used for cleansing stufis of 
wool and silk. 

The fish or drying oil, either alone or mixed with tal- 
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low or a vegetable fat oil, is boiled with weak potash 
ley until the saponification is complete, more ley 
being added occasionally if required; but no waste 
leys are pumped off, as in the manufacture of hard 
soap. Soft soap is insoluble in moderately strong 
potash ley, and may be precipitated from its solution 
in water by the addition of a strong ley ; hence arises 
a necessity for employing ley of a certain state of 
dilution. If the ley is in too small proportion, a bin- 
oleate of potash is formed, which adheres to the bot- 
tom of the soap-pan in thick masses ; by the addition 
of more ley it becomes the neutral oleate. 

In this country, tallow is always introduced in 
small quantity as one of the materials for soft soap, 
being added for the purpose of producing the solid 
white granulations of stearate of potash called " fig- 
ging." Hence British soft soap presents the appear- 
ance of a brownish transparent body through which 
white grains are disseminated. On the Continent, 
this kind of soap is sometimes made without tallow or 
fish oils. 

Oils require for their saponification a larger pro- 
portion of potash than of soda, one part of pure pot- 
ash being capable of completely saponifying only from 
four and a half to five parts of oil. Potash soaps also 
always contain about half their weight of water, 
chiefly in a state of mechanical admixture, besides 
glycerine, carbonate of potash, caustic potash, and 
saline impurities introduced with the ley, which are 
not removed as in the manufacture of hard soap by 
pumping off the waste ley. By applying strong al- 
kaline leys towards the completion of the process, the 
soap might be sepai*ated from the ley, and the saline 
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Lpuritiea and glycerine removed by pumping out 
B ley ; but such a plan is never resorted to on the 
rge scale. Since potash soaps contain so much 
B.ter, &c., a given quantity of oil yields a consider- 
ily larger quantity of soap with potash than with 
»da. The general composition of soft soap may be 
ien at, alkali one part, fatty acids from four and a 
ilf to five parts, water and impurities from five to 
X parts. 

In some soaperies the whole of the oil and tallow is 
troduced at once, together with a portion of the 
y, and the remainder of the ley is added after some 
ours' gentle ebullition; but in others both the oil 
nd ley are introduced gradually. When the mass is 
ecome transparent, ceases to have an acrid taste, and 
Bsumes the proper consistence on cooling, the saponi- 
cation is considered to be complete, and the soap is 
lunsferred to the barrels or casks in which it is sent 
rat of the soapery. The green tinge in Continental' 
ift soap is communicated by adding a little indigo, 
hich has been previously boiled with water, or 
>rayed with weak potash ley. Some oils produce a 
greenish-coloured soap without indigo. 

The figged granulations of stearate of potash do 
not uSTially make their appearance until two or three 
neeks after the soap has been made; in very warm 
weather they do not appear at all. They are impro- 
perly considered to be a proof of the good quality of 
the soap, and hence the figged appearance has been 
imitated by the addition of starch. 
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By dividing tiip popiilalion into tliroc cIiisepb, ftriil nssumiug tlie n 
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Unaccounted for, either displaced h 
no duty, or by illicit trade 

This estimate, though eiidently far unjec the real consumption, proves 
lei« is still a large amount uf illicit trade ; and there can be no doubt 
nt that by reducing the price uf soap to 2^. or 3d. per lb., tlie quan- 

y need would materially increase. 

The average eousjimption of soap in Jersey, where it is frpe of duty, 

estimated at 13'1 Ihs. for each person per annum. The estiniate for 
le population of the Isle of Man, wbcre soap is also free of duty, is 
Iba. for each person. 
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Argatnratt egaintl the Soap Duty. 
1. Th« rxbm COBI of soa]i m cunsequenco of tlie Excise r^nlslianv 
givrs U) tliv Furei)^ uver tliir Etiglisli nuDufacturer an wJvsDtage of i\ 
|i*r cent, in the cue of tallow auap. And 4j| per cent, in the case (J 
palm-oil nap- To the Irish miinufBctureT the ndviiDtage te about 10 per 
cent, oil the i)tialit; usually ei|H>rted. 

B. Till; rtMrictire rt^ilntions exclude the trade, by reason of llie limi- 
Utiuii ns to the siioB of the bars, — the sjiecilie gravity of the soap,— «nJ 
ihc irimle of man u picturing, — Irom many foreign markets. 

3. There is no doty on soap in Ireland. 

4. Onr-fbutth of the duty collected is relumed in drawbacks. 

C. Soap niatiufaclurerB duly liccuBed and surveyed cannot make fiincj 
or pcrAinivd t>uap, nor under the Excise laws conduct their works in tlie 
mu«t economical manner. 

<i. The great benefit the poor would immediately derive from it 
peal, by which the price of goed soap would be reduced fiimi 4^. ni 
Bd. to 3d. per lb. 

T. Soap manuiactureis arc nearly unanimous in their application for 
the repeal of the duty anil relief from Excise regulations, whilst the tut 
tnajority of the glass and paper manufacturers wiedi tlieir respective 
dulicB to be rflained. 
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SULPHUR AND SULPHURIC ACID. 

§ I. Sulphur. — II. Sulphurous Acid. — III. Sulphuric Acid. 

The extensive applications of sulphuric acid have 
long caused this substance to be ranked among the 
most important of the objects of chemical manufac- 
ture. Whenever any process in the arts reqliires the 
introduction of an acid, the particular nature of which 
is indifferent, as is frequently the case, sulphuric acid, 
from its relative inexpensiveness, is usually preferred 
before all others; and if accidental circumstances 
should render its introduction in such a case inad-* 
missible, it generally becomes a grand object of the 
manufacturer so to modify the process as to overcome 
the impediment to its application. In fact, so nu- 
merous and important are the applications of this 
acid in the arts, that it has been justly observed 
that the commercial prosperity of a country may be 
fairly estimated from the amount of sulphuric acid it 
consumes, in energy, it surpasses all other acids, 
being capable of liberating most of them from their 
combinations with bases by virtue of its superior affi- 
nity for the base, and hence it becomes the key to 
the preparation of almost all other acids. 

Pure sulphuric acid, of which the oil of vitriol of 
commerce is a hydrate, or compound of with water, is 
a combination of sulphur with oxygen; and one of 
a series of six such bodies, all of which possess the 
properties of acids. Before considering in detail the 

VOL. II. Z 
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pruperties of and mode of manufacturing sulphuric 1 1 
acid, it will be proper to advert briefly to its ele- lik 
meutary basis, sulphur, and to one of its acid com- Ik 
pounds with oxygen, namely, sulphurous add. 



§ I. SULPHUR. 

Anciently, the name of sulphur was made use of to 
designate a variety of substances possessing very little 
resemblance to each other. M. Macquer, one of the 
most celebrated French chemists of the eighteenth 
century, observed that no name in chemistry had 
been so extensively applied and so much almsed as 
that of sulphur. It was made use of to designate all 
inflammable substances, as vegetable and animal oils 
and fats, resins, bituminous matters, and a supposed 
principle of inflammability afterwards called ^^ phlo- 
giston,'' which was erroneously believed to exist in all 
inflammable bodies. But the name was not even con- 
fined to inflammable matters, for some of the alche- 
mists make mention of a sulphur which is incombus- 
tible. The body now called sulphur, which has been 
kno^vn from time immemorial, was classed with bitu- 
mens. Towards the dose of the seventeenth century, 
the name was exclusively applied to the elementary 
body which now possesses it, the diflFerence in the 
various substances confounded together under that 
name having been previously demonstrated by Beccher 
and his pupil Stahl.* 

♦ The views of Beccher and Stahl, however, on the nature of sulphur, 
were far from correct. They considered it to be a compound body, con- 
sisting of sulphuric acid or sulphurous acid united with phlogiston, or 
the principle of inflammability. They observed that sulphur^ when 
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- In the free state, or combined with metals as sul- 
phiirets, or with metallic oxides as sulphates, sulphur 
£>rms an abundant constituent of mineral substances, 
confined to no particular geological formation, occur- 
ring in rocks which possess the greatest dissimilarity, 
and found in beds, in veins, and diffused through the 
mass of a rock. The commercial demands for this ar- 
ticle are supplied from two sources, the native or free 
sulphur, and metallic sulphurets, especially iron pyrites. 
Native sulphur abounds in the vicinity of active 
volcanoes, from which it is exhaled in large quanti- 
ties, and condenses injissures forming sulphur veins. 
In the plain of the Solfatara near Vesuvius, a very 
considerable deposit of sulphur is found in fissures in 
lava. In a few localities, namely, Quito in Peru, 
Snabia, and near Schemnitz in Hungary, sulphur is 
met with in veins traversing gneiss and mica slate. It 
is found most abundantly, however, in beds, accompa- 
nied bj gjpsum, and ako, frequently, by sulphate of 
strontian, in splendid crystals. In Sicily, from whence 

burned in the air, may be entirely consumed without leaving ashes, or 
yielding soot, but with the production of an acid vapour highly irritating 
to the lungs, and susceptible of condensation by water ; and that this 
yapour is the only product of the combustion which can be collected. It 
was hence concluded that the constituent parts of sulphur are the vo- 
latile acid and the phlogiston also developed in the combustion, as heat 
and light ; and one chemist, Neumann, even went so far as to determine 
that sixteen ounces of pure sulphur contain fifteen ounces and three 
quarters of acid, and a quarter of an ounce of phlogiston. These views 
of the nature of sulphur obtained the general assent of chemists until the 
chemical revolution which took place about 1777, when it was shewn 
that this body must be considered a simple substance, it being unde- 
composable by any of our present instruments of analysis. The acid 
product of its combustion was shewn to be formed through the union of 
the sulphur with the oxygen of the air, its weight always exceeding that 
of the sulphur consumed, instead of being inferior in weight, as the 
phlogiston theory previously entertained required. 

z 2 
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alnKist all the natiTe solphur brought to tMs country 
is procured, it occurs in beds of a blue clay formation, 
considered by Dr. Daubeny to be coeval with the 
gypsum bed of Paris, extending inwards fix)m the 
south coast of the island to the district of Etna. It 
also occurs in beds of indurated marl and compact 
limestone. Lastly, sulphur is still being constantly 
evolved from Etna, Vesuvius, and the volcanoes of 
Iceiami, Guadaloupe, and South America. 

Native sulphur, when pure, as it generally is if 
merely separated carefully by mechanical means from 
the accompanying earthy substances, is brittle, trans- 
lucent, and possessed of considerable lustre when 
freshly fractured. Its colour is yellow, varying a 
little in tint from bright citron colour to greyish 
yellow. It is found massive, pulverulent, cellular, 
stalactitic, in rounded masses, and frequently in large 
regular crystals of various modifications of the rhom- 
boidal octohedron. The crystals brought from Sicily 
are the most perfect, and sometimes measure four 
inches in length. The fracture of the crystals is fine- 
grained, and usually conchoidal, but sometimes splin- 
tery. The specific gravity of native sulphur is 2*072. 
According to Stromeyer, the orange-red colour of 
some specimens of native sulphur proceeds from the 
presence of a minute quantity of a compound of sul- 
phur with silenium, and not from iron or realgar as 
is generally supposed. 

The only impurity commonly contained in native 
sulphur, when carefully separated by mechanical means 
from the accompanying foreign substances, is a small 
quantity of earthy matter, which may be got rid of 
with facility by the process of sublimation or distil- 
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latioQ. Sulphur being volatile, and the earthy mat- 
ters fixed, the former distils over at a high tempera- 
ture, leaving the impurities behind. The distilled 
sulphur is then melted, cast into moulds, and sent to 
the market. 

The native sulphur procured from a few sources, 
Solfatara for instance, is very intimately mixed with 
a considerable portion of earthy substances, the me- 
chanical separation of which would be almost impos- 
sible. Such ore is broken into small fragments of the 
size of a walnut, and put into earthen jars arranged 
in a double row along a furnace ; the jars are covered 
with earthenware lids, and a bent earthen pipe about 
two inches in diameter is adapted to each lid; the 
Other end of the pipe dips into another earthen 
covered jar with a hole through its bottom, standing 
over water. On the application of heat, the sulphur 
volatilizes and passes through the pipes into the re- 
ceivers, where it congeals. The products of several 
distillations having been collected, the contents of 
the receivers are melted together, when the impurities 
either rise to the top and may be skimmed off, or 
subside to the bottom. The sulphur is afterwards 
cast into moulds for sale. 

Sulphur may be obtained in almost unlimited quan- 
tities from iron pyrites, or the bisulphuret of iron, 
which exists in immense quantities in nearly all metal- 
liferous rocks. When pure, this mineral contains 32 
parts of sulphur and 28 parts of iron. If heated in 
a proper distillatory apparatus without access of air, 
it parts with exactly one-half of its sulphur, which 
may be collected in a suitable condensing vessel, and 
the protosulphuret of iron remains behind, consisting 
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of 16 parts of sulphur and 28 parts of iron.* If, how- 
ever, air is allowed to have free access, or if the mine- 
ral is roasted instead of being heated in a distillatory 
apparatus, the whole of the sulphur is consumed, be- 
coming converted into sulphurous acid gas; and 
oxide of iron, instead of protosulphuret of iron, is the 
residue. 

When the distillation of iron pyrites is conducted 
carefully on the small scale, the ore may be made to 
afford from 25 to 27 per cent, of sulphur, but on the 
large scale it rarely yields more than 16 per cent. 
The protosulphuret which remains behind readily 
becomes converted into copperas when moistened and 
exposed to the air. 

Copper pyrites, which usually consists of about 
equal parts of sulphuret of copper and sulphuret 
of iron, may also be made available as a source 
of sulphur, in the same manner as iron pyrites, 
and the residue may be used for smelting. A con- 
siderable quantity of sulphur was formerly obtained 
in this way from the copper ore raised at the Parys 
mine at Anglesea. 

The sulphur procured from pyrites is never so pure 
as that got by distilling native sulphur. Besides 
earthy impurities, the former generaUy contains a 
considerable quantity of arsenic, a substance from 

* A process of this kind for obtaining sulphur from iron pyrites has 
long been worked at Goslar and Fahlun in Sweden, but the apparatus 
employed in the process admits air so freely, that nearly all the sulphur 
is consumed ; not more, it is said, than two parts of sulphur being ob- 
tained from one hundred of the ore. In Bohemia and Saxony, the 
iron pyrites is heated in large earthenware pipes, arranged in a furnace 
6r gallery ; the evolved sulphur flows into pipes containing cold water, 
on the outside of the furnace. 
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which iron pyrites, and especially that found associ- 
ated with copper pyrites, is never entirely free, while 
the sulphur imported from Sicily rarely contains even 
a trace of arsenic. This impurity exists in the py- 
rites, in the form of arseniuret of iron, and in the 
sublimed sulphur, as orpiment or realgar, which are 
solphurets of arsenic. The freedom of sulphur from 
these and some other impurities, particularly silica, 
oxide of iron, sulphuret of iron, carbonate of zinc, and 
sulphate of zinc, may be tested by its solubility in 
boiling oil of turpentine. If pure, sulphur completely 
dissolves in ten times its weight of that liquid, at the 
boiling point ; but the impurities remain undissolved, 
and may bie collected on a filter and weighed. The 
sulphur formerly obtained at Anglesea left one- 
fifteenth of its weight of insoluble matters, consisting 
chiefly of orpiment (Aikin). Good Sicilian sulphur, 
whien thus treated, seldom leaves more than three per 
cent, of insoluble residue, which is an earthy sub- 
stance quite fr'ee from arsenic. 

A mode of obtaining sulphur has been patented by 
Mr. Duclos, of Swansea, which might possibly be 
turned to profitable account in some establishments, 
where the smelting and calcination of metallic ores are 
cionducted. It consists in mixing in such a leaden 
chamber as that employed in the manufacture of sul- 
phuric acid, two volumes of sulphuretted hydrogen 
gas with one volume of sulphurous acid gas, a quan- 
tity 6f steam being at the same time admitted into 
the chamber. The hydrogen of the sulphuretted hy- 
drogen gas unites with the oxygen of the sulphurous 
acid, and the sulphur of both is precipitated in the 
solid state. Sulphurous acid is an abundant bye-pro- 
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duct of the caldnatioD of metallic ores, in the process 
of smelting ; and sulphuretted hydrogen, if not other- 
wise afforded as a bye-product, may be obtained by 
acting on metallic sulphurets witib muriatic acid. 
Another method of obtaining sulphuretted hydrogen, 
proposed by Mr. Duclos, is a part of a process for ob- 
taining carbonate of soda from sulphate of soda. The 
sulphuret of sodium obtained by calcining the sulphate 
with coal is dissolved in water, and through the 
solution contained in a series of WoulTs bottles is 
transmitted carbonic acid gas. The sulphuret of so- 
dium is thereby decomposed, with formation of car- 
bonate or bicarbonate of soda, and evolution of sol-^ 
phuretted hydrogen gas. Mr. Dudos obtained his 
patent in July, 1839. 

A somewhat similar process has been made the 
subject of a patent by Mr. Dyar and Mr. Chishohn 
(obtained June, 1839), in which the sulphurous acid 
is decomposed by free hydrogen. The former is ob- 
tained in the usual manner by the calcination of py- 
rites or other metallic sulphuret, and the latter in a 
state of mixture with carbonic oxide by passing steam 
over burning coke. The calcination of the sulphuret 
and the combustion of the coke are conducted in two 
adjoining fire-places or flues, communicating with each 
other at top, where the mixture of the gases takes 
place. The communication between the two flues 
must be sufficiently near to the burning flue to keep 
the temperature of the gases still elevated. A flue 
leads from the middle of this junction into a large 
chamber to receive and condense the stilphur. When 
pyrites is the sulphuret employed in this process, it is 
preferred to separate a portion of its sulphur first by 
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distillation, and to calcine the residuary protosulphu- 
ret for the production of sulphurous acid gas, as above 
described,* 

In a state of purity, sulphur is perfectly tasteless, 
and at common temperatures, inodorous, but by 
friction it acquires a slight foetid smell, and becomes 
electrically excited, having the power of attracting 



♦ The crude sulphur obtained by any of the methods which have just 
been described, is refined in one of two ways : by a simple fusion^ when 
some of the foreign matters settle to the bottom, and others rise to the 
top, or by subjecting the sulphur to a second distillation. When the 
only impurity is earthy matter or mineral powders, the first method 
suffices. The sulphur is melted in a cast-iron pot, the impurities on 
the surface are skimmed off, and the sulphur is transferred to a copper 
▼essel moderately heated; from the latter it is poured into wooden 
moulds. The fire should not be allowed to have free access to the 
bottom of the melting-pot employed in this operation, but be made to 
play only around its middle zone. The subsidence of the impurities is 
found to be considerably facilitated by this precaution. 

Sulphur procured by the distillation of pyrites can only be properly 
refined by subjecting it to a second distillation. This operation is 
generally conducted in iron retorts, the beaks of which terminate in 
a large chamber, where the sulphur condenses in the solid or liquid 
state, according to the temperature. This operation is conducted on a 
▼ery extensive scale at Rouen and at Marseilles. The condensing cham- 
ber at Marseilles is about twenty-three feet in length, eleven feet in 
vridth, and thirteen feet in height ; and the iron retorts, of which there 
are two to one chamber, are about three feet in diameter, and twenty- 
two inches in depth. Each retort being charged with about eight 
hundredweight of crude sulphur, a gentle fire is applied first to one re- 
tort, and three hours afterwards to the other. The doors and all aper- 
tures in the chamber are closed with a lute of loam. The heat should 
be moderate at first to prevent the sulphur from boiling over into the 
chamber, but after a short time it may be increased without inconvenience. 
The retorts are charged afresh four times a day, and the distillation 
is continued without interruption for a week. During the first day or 
two the sulphur condenses in the solid state, as flowers of sulphur , but 
the temperature of the chamber usually becomes too high about the 
third day for the sulphur to solidify ; it then flows down in the liquid 
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light bodies in its vicinity. If a roll of sulphur is 
held in the warm hand, it breaks across with a par- 
ticular crackling noise, and the hand acquires a dis- 
agreeable odour, which lasts for a few minutes. The 
fracture of the sulphur by the heat of the hand arises 
from the imperfect conducting power of the sulphur ; 
the exterior and expanded part of the roll being 
unable to conduct the ' heat quickly to the interior 
for that to be expanded in like degree ; the break- 
state to the floor of the chamher, from which it is drawn off through two 
iron pipes, and conducted into wooden moulds, slightly conical, where it 
acquires the form of the cylinders known in commerce under the name 
of roll-sulphur. About four hundredweight may he distilled from one 
pot in twenty-four hours. The chamber is supplied with an opening 
and a valve at its top, to give vent should any explosion take place 
within, of which there is a possibility before the chamber becomes filled 
with sulphur vapour ; but not after all the air is expelled, unless the tem- 
perature is allowed to fall and the air re-enter. 

An arrangement has been lately adopted which has considerably re- 
duced the chance of explosion, by causing a more uniform temperature, 
and thus preventing the ingress of air. Above the retort in which the 
distillation is conducted, a large cistern is so placed as to be exposed to 
the waste heat of the fire, and into this cistern is introduced the crude 
sulphur to supply the retort. A tube furnished with valves is made to 
wind round the cistern, and to conduct the liquid sulphur to the retort 
underneath. By this arrangement a more rapid distillation is effected, 
as well as a more uniform temperature in the chamber, and the loss, 
which in the ordinary method generally amounts to about 20 per cent., 
is reduced to 12 per cent. 

Sulphur is obtained in the form of flowers of sulphur by conducting the 
vapour from the retorts into a chamber the temperature of which is kept 
below the fusing point of sulphur. The chamber for this purpose is con- 
siderably larger than that in which the sulphur is condensed in the liquid 
state, and the operation is conducted much more slowly. In this state, 
sulphur is of a pale yellow colour, and when examined by the micro- 
scope is found to be composed of minute crystals. As met with in com- 
merce, this form of sulphur is not quite so pure as roll-sulphur, as it is 
always impregnated with a little sulphurous or sulphuric acid. These 
acids, however, may be easily removed by washing with hot water, as 
directed for certain pharmaceutical purposes. 
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ing of a thick glass vessel on the sudden application 
of heat proceeds .from the same cause. Sulphur is 
very brittle and easily reduced to powder. 

The colour of the sulphur met with in commerce 
is of diflFerent shades, according to the temperature 
to which it had been subjected in the process of dis- 
tillation. It is sometimes greenish-yellow, sometimes 
bright yellow, and sometimes brownish-yellow. The 
first had been exposed to a lower temperature than 
the second, and the second to a lower than the third. 

When made to pass slowly from the fluid to the 
solid state, sulphur may be obtained in the form of 
distinct crystals. One method of procuring the crys- 
tals is to fuse a considerable quantity in a ladle or 
crucible and allow it to cool gradually. As soon as 
the surface is solidified, it is punctured, and the 
sulphur which still remains in the fluid state poured 
out ; the cavity in the crucible or ladle is then found 
entirely lined with distinct needle-shaped crystals. 
It is remarkable that the form of the crystals thus 
obtained is wholly different from that of native sul- 
phur, belonging, in fact, to another system of crys- 
tallization. The crystals formed in the manner de- 
scribed are modifications of an oblique prism with a 
rhomboidal base, but the crystals of native sulphur 
are elongated octohedrons, with a rhomboidal base. 
By other artificial processes, however, in which the 
sulphur is deposited from the vaporous or liquid state 
at a temperature inferior to that at which it solidi- 
fies in the above experiment, crystals may be ob- 
tained of the same shape as native sulphur. Thus 
solutions of sulphur in oil of turpentine, chloride of 
sulphur, and bisulphuret of carbon, deposit such crys- 
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tals on cooling or on evaporation, and the minute 
crystals which comprise flowers of sulphur have also 
the same shape as the crystals of native sulphur. 
From being capable of assuming these two different 
crystalline forms, sulphur is said to be dimorphous.* 

* The most remarkable and peculiar property of this element is ex- 
hibited in the appearances which it assumes in the liquid state at dif- 
ferent temperatures^ first observed by M. Lecat, a celebrated French 
surgeon, about the middle of last centiuy. When sulphur is heated 
to a temperature near 234° Fahr., it fuses, forming a very thin liquid, 
quite transparent and of a citron colour, or if not heated above its fosing 
point, almost colourless. On being allowed to cool, it crystallizes into 
yellow needles, transparent, but which soon become opaque and friable. 

If, instead of allowing the melted sulphur to cool, the heat be gradually 
increased, it becomes deep yellow and translucent ; whereas, before, it 
was perfectly transparent. Moreover, on increasing the temperature to 
a point between 480° and 600° Fahr., it undergoes another change, as- 
suming a deep reddish-brown colour, and what is very remarkable, in- 
creases in consistency, becoming at last so firm that the containing 
vessel may be inverted without the sulphur flowing out. 

If heated still higher, the sulphur again becomes liquid, but retains its 
dark colour. At about 788° Fahr. (according to Frankenheim) it enters 
into ebullition, giving off an orange-coloured vapour, which condenses on 
coming in contact with a cold body as a very fine powder. On being 
allowed to cool from its boiling point down to its freezing point, all the 
changes which have been described may again be witnessed, and the 
same specimen of sulphur may be employed for any number of experi- 
ments. 

A curious fact connected with these changes is, that if the sulphur 
while in the thick state is suddenly cooled by immersion in cold water, 
it remains soft, transparent, and retains its dark colour for some time 
after it is perfectly cool, but these characters are not permanent. In 
this state, sulphur is sufficiently ductile to admit of being drawn into 
fine threads of several feet in length. But if fluid sulphur near the 
melting point is treated in precisely the same manner, it immediately 
becomes quite solid, friable, opaque, and possessed of its usual yellow 
colour. 

It is inferred from these remarkable appearances that liquid sulphur 
is capable of existing in at least three different physical states. M. 
Frankenheim, who has lately been occupied in investigating this in- 
teresting subject, designates the three varieties of sulphur by the sym- 
bols Sa, S/3, and Sy. Sa is the colourless variety obtained at a low tem- 
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When sulphur is heated in the open air to about 
600"* Fahr., it undergoes a low combustion, with the 
developement of a pale blueish flame, and formation 
of sulphurous acid, which is a gaseous body pos- 
sessed of a disagreeable and extremely pungent odour. 

perature ; S/3 is the deep yellow sulphur obtained at a higher tempera- 
ture ; and Sy the dark brown semi-fluid variety formed between 480° 
and 500° Fahr. The most important observation made on this subject 
by M. Frankenheim, is that the conversion of one variety into another 
does not take place in a gradual manner, but immediately and at a con- 
stant temperature. If the sulphur is heated in such a manner as to 
admit of being viewed by the microscope while undergoing the changes, 
as between two small plates of glass, a perfect line of demarcation is 
perceptible between the diflferent sulphurs, shewing the change to take 
place immediately &om one to another. On observing the indications of 
the thermometer during the succession of these appearances, it was found 
that the temperature rises gradually to a point between 480° and 500° Fahr., 
but then remains stationary until the Sj3 is entirely converted into Sy, 
when it again rises, going up steadily to 788°, which is the boiling point 
of sulphur. Further, on cooling, the thermometer falls gradually until 
at the point between 480° and 500° ; then remains for a time stationary, 
or nearly so, and afterwards continues to descend regularly. Th6se ob- 
servations fully prove that heat becomes latent during the passage of 
S0 to Sy ; that is, Sy contains caloric in some peculiar state of combi- 
nation, not manifest, but in a hidden state, which is not contained 
inS0. 

MM. Marchand and Scherer have lately determined the density of the 
soft sulphur obtained by pouring Sy into cold water to be 1*959. As 
it becomes hard its density rises to 1*98, and when it acquires the yellow 
colour its density is 2*041. Sulphur, in its ordinary state, that is after 
having been melted and allowed to become yellow again (Sa), has the 
density 2*043. 

Although sulphur does not boil before it attains the temperature 788° 
Fahr., yet it gives off vapour at much lower temperatures, even be- 
fore it attains its melting point. It is hence believed that each of the 
three varieties of sulphur has its proper vapour ; and that the three va- 
pours differ from each other in density, as the three fluid sulphurs differ 
in physical appearances : this is a subject, however, which requires, and 
certainly well deserves, further investigation. — (M. Frankenheim's ori- 
ginal paper on this subject may be found in the Journal fiir Practische 
Chemk, xvi. 1 ; an account of it is given by Berzelius in his Rapport 
Annuel, 1841.) 



350 SULPHUR AND SULPHURIC ACID, 

This product consists of a combination of sulphur 
with oxygen derived from the atmosphere ; its rb^ 
lume is the same as that of the oxygen consumed in 
the combustion. The heat produced by the low com- 
bustion of sulphur in the air must be very incon- 
siderable, for all the sulphur in a small quantity of 
gunpowder may be burned away, with care, without 
producing explosion. The combustion of sulphur in 
pure oxygen gas, which is also attended with the 
formation of sulphurous acid, is much more vivid 
than in air. When sulphur is burned in air or 
oxygen in contact with water or aqueous vapour, it 
combines with an additional dose of oxygen, thus 
producing sulphuric acid ; but the quantity of that 
acid formed in such circumstances is always very in- 
considerable. 

Sulphur may be made to combine with all metals, 
forming a class of substances called metallic sul- 
phurets. Many of the sulphurets of metals proper 
are found in nature, and these compounds frequently 
constitute the most available sources of their metallic 
bases. The affinity of sulphur for metals generally 
is very intense, exceeding that of oxygen. When a 
mixture of iron or copper filings with flowers of 
sulphur, contained in a Florence flask, is heated 
pretty strongly at one part, the sulphur and metal 
presently unite, with the developement of a very in- 
tense heat, which causes the union to take place 
throughout the whole mixture. The metal strictly 
burns in the vapour of sulphur, just as iron may be 
burned in oxygen gas. 

Sulphur is insoluble in water and in cold alcohol. 
If, however, both sulphur and alcohol are brought 
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together in the form of vapour, an alcoholic solution 
of sulphur may be condensed, from which the sulphur 
is precipitated on the addition of water. At all 
common temperatures water is without action on 
sulphur, but steam is partly decomposed by melted 
sulphur with the formation of a small quantity of an 
inflammable gas, probably sulphuretted hydrogen. 

When sulphur is boiled in solutions of the caustic 
alkalies, red liquids are formed, which contain a large 
quantity of sulphur in chemical combination with the 
alkali. On the addition of an acid, the alkaline 
sulphuret is decomposed, and a white precipitate is 
formed, consisting of sulphur in combination with a 
6mall proportion of water. 

By far the most considerable applications of sul- 
phur are in the preparation of sulphuric acid and of 
gunpowder, which is a mixture of sulphur with char- 
coal and nitre. A great quantity is consumed in 
making common brimstone matches, lucifer matches,* 
congreves, and artificial fire-works; it is also em- 
ployed in medicine, in the preparation of vermiUon, 
which is a compound of sulphur and mercury, to 
cement iron bars into stone, and for the purposes of 
bleaching and disinfecting. The two applications 
last mentioned are, however, applications of sul- 
phurous acid produced by the combustion of sul- 
phur. 

The consumption and price of sulphur have been 

* According to a recent estimate, the annual consumption of lucifer 
matches in Great Britain is about 6,000,000,000. A thousand pounds* 
worth of pine per annum is regularly imported from America by a single 
manu&cturer. 
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greatly affected within the last few years by an 
impolitic and fortunately unsuccessful attempt of the 
Neapolitan Government to establish a monopoly in 
the sulphur trade of Sicily, The project originated 
with a Frenchman, M. Taix, who, in 1836, laid a 
plan before the Neapolitan Government for estab- 
lishing a company which was to enjoy the exclusive 
right of purchasing Sicilian sulphur at fixed prices 
during ten years, on the condition of expending a 
certain sum of money in constructing roads and ex- 
porting one-third of the quantity produced in Sicilian 
ships. At that time the consumption of sulphur in 
Great Britain was about thirty-two thousand tons per 
annum, nearly all of which was procured from Sicily; 
for, although native sulphur might be procured from 
Iceland, St. Vincent's, Teneriffe, and other volcanic 
districts, the expense of procuring it from Sicily was 
considerably less than from any other place. 

In the autumn of 1838 the Sicilian monopoly was 
commenced, and the immediate consequence was a 
rise in the price of sulphur from 6/. or 71. to 13/. 
or 14/. per ton. In 1839 the importation of sul- 
phur into Great Britain fell from forty-four thousand 
tons (the amount in 1838) to twenty-two thousand 
tons, of which only five thousand four hundred were 
procured direct from Sicily. Through the inter- 
ference of the British Government, however, the 
monopoly was abolished in the summer of 1840, 
and the sulphur trade placed on the same footing as 
previous to 1838, in which state it still continues. 
In 1820 the consumption of sulphur in Great Bri- 
tain amounted to no more than five thousand tons. 

During the year 1842, the exportation of sulphur 
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firom Sicily to different countries was as follows. 
To Great Britain, 14,214 tons; to France, 11,010 
tons; to Austria, 3,231 tons; to the United States, 
2,834 tons. The average price of sulphur at Sicily 
was 2/. 135. per ton, exclusive of the export duty. 

While the monopoly existed, a cargo of sulphur 
was brought to this country from Iceland, and iron 
pyrites was then introduced very extensively as a 
source of sulphur in the manufacture of sulphuric 
acid. This application of pyrites is still very general, 
and likely to continue so, notwithstanding the abo- 
lition of the monopoly; a consequence of which is, 
that the quantity of sulphur at present imported into 
Great Britain from Sicily is less than one half of 
the amount imported in 1836.* 

* ** Reflecting upon the important influence which the price of sul- 
phur exercises upon the cost of production of bleached and printed cot- 
ton stuflis, soap, glass, &c., and remembering that Great Britain supplies 
America, Spain, Portugal^ «nd the East with these, exchanging them for 
raw cotton, silk, wine, raisins, indigo, &c., we can imderstand why the 
English Government should have resolved to resort to war with Naples, 
in order to abolish the sulphur monopoly, which the latter power attempt- 
ed recently to establish. Nothing could be more opposed to the true in- 
terests of Sicily than such a monopoly ; indeed, had it been maintained 
for a few years, it is highly probable that sulphur, the source c^ her 
wealth, would have been rendered perfectly valueless to her. Science 
and industry form a power to which it is dangerous to present impedi- 
ments. It was not difficult to perceive that the issue would be the 
entire cessation of the exportation of sulphur from Sicily. In the short 
period that the sulphur monopoly lasted, fifteen patents were taken out 
for methods to obtain back the sulphuric acid used for making soda. 
Admitting that these fifteen processes were not perfectly successful, 
there can be no doubt that it would ere long have been accomplished. 
But then in gypsum (sulphate of lime), and in heavy spar (sulphate of 
barytes), we possess mountains of sulphuric acid ; in galena (sulphuret of 
lead), and in iron pyrites, we have no less abundance of sulphur. The 
problem is how to separate the sulphuric acid or the sulphur from these 
native stores. Hundreds of thousands of pounds' weight of sulphuric 
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The compootioB of all the known compoHnds of 
snlpfanr and oxygen, inclsding those recently dis- 
Govered by M. Langlob and MM. Fordos and Gelis, 
b expressed by the symbols following: 

HTpo0iilpharoQ8 acid S, 0, 

Bisulpbo-liyposiilpliiiric teid (the tetndiionic add of ^ g q 

BeneUw) J * ' 

So]pbo-hjpo8«ilphiihc add (the tnthionic add of Ig q 

Bendios) > ' * 

Sulphurous acid B 0, 

Hypoaulphnric add 8, 0, 

Sulphuric add S 0, 

The only one of these componnds whidi can be 
formed by the direct nnion of sniphnr and dry oxy- 
gen is sulphurous acid; for which reason, and also 
because the study of the more important sulphnric 
acid will be greatly facilitated by a previous ac- 
quaintance with sulphurous acid, we shall, in the 
next place, briefly consider the properties and some 
applications of the latter. 



§ II. SULPHUROUS ACID. 

When sulphurous acid gas is required for purposes 
in the arts and for disinfection, in which cases its 
absolute purity is not essential, nothing can be isim- 
pler than the mode of preparing it. Sulphur is put 

acid were prepared from iron pyrites, while the high price of sulphur 
consequent upon the monopoly lasted. We should prohahly, ere long, 
have triumphed over all difficulties, and have separated it from gypsum. 
The impulse has been given, the possibility of the process proved, and it 
may happen in a few years that the inconsiderate financial s^>ecuktion of 
Naples may deprive her of that lucrative commerce.'* — ^Liebig's FamUiar 
Letters on Chemktry. 



into Sin irou or eairthea pot and set om fire ; the pot 
is placed either in a close chamber, in which the 
articles to ^ exposed to the acid are suspended; 
or else in a sort of stove, where the mean^ of pro- 
ducing a proper Qurrent of air over the tnu^niing sul* 
phur^ and of cond«bcting the sulphurous aei4 into the 
chamber wher€ it is required for ^ise, are at the com- 
maa^id Qf the oper^r^ 

If required in a state of purity, ;a^d only in smsdj 
quantities, sulphuiK)us «Qid ga^ is most readily ob- 
tained by withdrawing from sulphuric acid a portion of 
its oxygen; for which purpose either metallic mercury 
or copper may be conveniently employed. The metal 
acquires one-third of the oxygen of one portion of the 
acid; the remaining oxygen and the sulphur of that 
portion of acid come oflf as sulphurous acid, while 
the metallic oxide unites with another portion of 
sulphuric acid without decomposition, thus forming 
a sulphate. 

Concentrated sulphuric acid is decomposed by car- 
bon and carbonaceous substances in a somewhat simi- 
lar manner, but the sulphurous acid gas obtained in 
this way is always accompanied with a large propor- 
tion of carbonic acid, the source of which will be ob- 
vious by the following ecjuation expressive of ;the re- 
action which occurs between two equivalents of sul- 
jdiurio acid and one equivalent of carbon : 

2 SO3 and C = 2 SO^, and CG^ 

The principal uses of sulphurous acid in an ,eX)peri- 
mental laboratory are for the pijeparation of ithe 
aqueous solution of the gas and of alkaline jsulphites, 
for which purposes the admi^ure of -carbonic acid^^ 

2 A 2 
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with the sulphurous acid is immaterial. AconveQient 
form of apparatus to be used in preparing sulphnroiis 
acid by means of oil of Titriol and charcoal is repre- 
sented in the annexed figure. Seven or eight ounces 
by weight of oil of vitriol (a quantity equal in voluine 
to about four ounces by measure of water), and half 
an ounce of finely powdered charcoal, are introduced 
into the flask and well mixed by agitation. On the 
application of heat to the flask, a gaseous mixture of 
sulphurous acid and carbonic acid 



Fig. 34. 




which is conducted in the first place through a bottle 
a, containing about an ounce of water, and after- 
wards, if a solution of sulphurous acid is required, 
into the bottle b, or if the gas itself ia wanted, the 
exit-tube of the intermediate bottle may be led to the 
mercurial trough or elsewhere. Affixed to the cork 
of the bottle d is a stout tube open at both ends, 
through which passes the exit-tube of the flask, fitting 
loosely. The use of this bottle is to intercept any 
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sulphuric acid vapour or the materials in the flask, if 
projected by ebullition, and also to prevent the liquid 
in the bottle h from entering the flask, should a con- 
traction occur in that flask from cooling. 

Sulphurous acid is always being exhaled from the 
earth in considerable quantity in the vicinity of active 
volcanoes, with the occasional exception, according to 
M. Boussingault, of the volcanoes of equatorial re- 
gions.* 

Although gaseous at all common temperatures and 
pressures, sulphurous acid is not a permanent gas. 
When exposed to a pressure of little more than two 
atmospheres, or when passed through a tube sur- 
rounded by a freezing mixture of ice and salt, it as- 
sumes the liquid form. In this state it is quite lim- 
pid and colourless ; it has the specific gravity 1 '45, 
and boils at 14° Fahr. By evaporation, this, like all 
other very volatile liquids, generates a great degree 
of cold ; on which account it was formerly employed 
to freeze mercury, and to liquefy some gases which 
were considered permanent. For this purpose, how- 
ever, liquid sulphurous acid has given place to solid 
carbonic acid. Sulphurous acid is readily absorbed 
by water, and the solution possesses the pungent 
odour of the gaseous acid. At 60'', water is capable 

* The quantity of sulphurous acid exhaled from volcanoes is said to 
be greater after than before an eruption. The disengagement of this 
gas from the hill of Solfatara is very considerable and constant, so as to 
render the unguarded approach to the hill extremely dangerous. The 
inhalation of air merely tainted with sulphurous acid speedily produces 
the most distressing irritation of the lungs, and at length asphyxia and 
death. The death of Pliny the Elder was produced from such a cause, 
he having incautiously approached too near the crater of Vesuvius at the 
time of the famous eruption which overwhelmed Pompeii and Hercu- 
laneum. 
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of disstolrmg 37 times itg volume of the g^^ lieftoe^ 
t^hen the acid is required ih a gai^oas stftte, it must 
not be collected ovel' watei*, but orer mercury, which 
is without action on the gad. 8tilphurottg acid gad 
contains two rolumes of oxygen and one-third of a 
volume of sulphur vapour cond^nised into two volumes. 
By weight it consists of 16 parts, or 1 eq. of sulphur, 
and 16 parts or 2 eqs. of oxygen. When a little 
water is brought into contact with the liquid acid, a 
crystalline hydrate is formed containing 20 per cent, 
of acid, corresponding to SO^ -f- 14H0. If pure, sul- 
phurous acid may be passed through a red-hot tube 
without undergoing any change; but if in contact 
with combustible mattei'ii, su(5h ail carbon, potassium, 
sodium, and hydrogen, it is decomposed at a red 
heat with separation of sulphur. The density of 
Sulphurous acid is 2216, the air being considered 
1000. 

Sulphurous acid gas has long been employed in the 
French hospitals in the treatment of cutaneous dis* 
eases. The use of this gas as an external remedial 
fegent was suggested by Glauber so long ago as the 
year 1659. Very simple and inexpensive apparatus 
have been contrived to apply the gtts, one of which is 
figured in the annexed cut. It represents a box of 
wood placed over a small fire-place, in which the sul- 
phur is burned in such a manner that the vapour 
enters and fills the box. The top of the box is pro^ 
vided with a hole through which passes the head of 
the patient, the escape of gas being prevented by fold- 
ing a wet clotl^ around his neck. 

As sulphurous acid destroys the colour of many 
vegetable and animal substances, the vapour from 
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buiung sulpikur is olbm made available in oertain 
bl^u^hing operations, particularly in the wlat^ning of 

Fig. 35. 




woollen goods, silk, and straw. Very few vegetable 
colouring mattery resist the action of sulphurous acid, 
but cochineal and some other animal colouring mat^" 
ters are scarcely at all affected by it. The chemical 
nature of the bleaching action of sulphurous acid is 
diflferent from thftt of chlorine. The latter generally 
acts either by abstracting hydrogen from, or by im- 
parting oxygen to, the colouring matter; but sul- 
phurous acid produces neither of these effects. Chlo- 
rine, when applied in suflScient quantity to bleach 
perfectly, always effects a complete decomposition of 
the colouring matter, so that the latter is not repro- 
ducible, so far as yet known ; but the colours of sub- 
stances bleached by sulphurous acid may genially be 
restored, unless the action has been prolonged for a con- 
siderable time by the application of an alkali^ a stronger 
acid, or, if bxl excess of sulphurous acid rep^ains, by 
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mere exposure to the air. As a bleaching agent, sul- 
phurous acid seems to act generally by abstracting a 
portion of the oxygen of the colouring matter, which 
becomes reduced to its colourless basis. Silks and wool- 
len goods to be bleached by this process are suspended 
in a damp state on strings across a chamber, in the 
comers of which are placed braziers of burning sul- 
phur. The chamber should be provided with a flue 
and damper, and all the crevices around or in the 
door should be stopped up with wet clay during the 
" sulphuring ;" one small aperture only being left, the 
means of contracting which are at the command of 
the operator. A little more than two pounds of sul- 
phur is generally required for one hundred pounds of 
silk. 

Sulphurous acid is also employed to blanch isin- 
glass; to remove fruit-stains from linen, &c. ; to dis- 
infect an unwholesome atmosphere, garments, bed- 
clothes, &c. ; to kill moths and other destructive in- 
sects ; to prevent too rapid fermentation in wine-vats ; 
and to impregnate casks in which wine, beer, and 
other fermented liquors are to be preserved, with a 
view of preventing the acetous fermentation. 



§ III. SULPHURIC ACID. 

The earliest notice of sulphuric acid which is known 
to exist, is in the writings of Basil Valentine, a cele- 
brated alchemist of Erfurt, and monk of the Benedic- 
tine order, who wrote in the former part of the fif- 
teenth century. The Swiss alchemist Paracelsus, and 
Agricola, a German physician, also make sufficient 
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allusions to this acid to prove their acquaintance with 
it ; but the first person who explicitly described its 
distinctive chara<5ters was Gerard Domseus, in a work 
published in the year 1570. 

The original process by which this acid was pre- 
pared consisted in the distillation of dried copperas, 
which is the sulphate of the protoxide of iron, called, 
for brevity, sulphate or protosulphate of iron. As 
the highly concentrated liquid collected in the re- 
ceiver had much the appearance of an oil, it received 
the inappropriate designation of oil of vitriol^ a name 
irtill retained for convenience to signify the concen- 
trated acid. In commercial language it is Qommonly 
designated vitriol. In Great Britain, France, and 
most other countries, the process of making sulphuric 
acid from green vitriol has been abandoned, except 
when the acid is required for a few particular appli- 
cations ; but it is still practised on an extensive scale 
at Bleyl, a village in Bohemia, and at Nordhausen in 
Saxony.* 

The chemical changes which take place in the dis- 
tillation of copperas are the following. The prelimi- 
nary calcination at a red heat reduces the amount of 
water of crystallization in the copperas from seven 

* The following is an outline of the mode of conducting the distilla- 
lation of green vitriol, as practised at Bleyl. A detailed account of it 
may he found in the 51st vol. of the Journal de Pht/sique.'^ The retorts 
employed in the process are pear-shaped earthen vessels, the necks of 
which are slightly curved to enahle them to he adapted to stone-ware 
receivers. A series of these retorts being arranged in a long horizontal 
furnace or gallery of brick-work, each retort is charged with three pounds 
of calcined copperas, and the fire is lighted. On the first impression of 
heat a small quantity of acidulated water distils over, proceeding from 
the hygrometric moisture of the copperas ; this is allowed to escape, and 
when no more is observed to come over, the receivers, each containing a 
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equivaleBts (the quantitj contained in the cfjstal- 
tiaed salt), to considerabljr less thun % aii^le equivsh 
lent. Partly on account o^ the smiaU proportioa (tf 
water present, the first portioQS of solphwie mi 
which are expelled from the wjppi^ns are decomposed 
into sulphnrons acid gas and oxygen; the fwm 
escapes through the htting, and the latter imitea uriti^ 
the protoxide of iron (FeO) to eonyert it into the 
peroxide (Fe, 0,). Thus the roddish-brown residue 
in the retorts at the dose of the distillation is p6^ 
oxide of iron, although the sulphate originidly gor- 
tained the protoxide only. When the iron is Mly 
peroxidised, sulphuric acid passes over and oonden^f* 
into a fuming dark brown liquid, having a demdty of 
about 1*9, which is greater than that of the acid pr^ 
pared by any of the ordinary processes. Its boiling 
point is so low as 120'' Fahr. 

The colour of the acid thus obtained is probably 
due to an accidental impurity. This acid is gen^ 
rally known by the name of Nordhausen oil of yitriol) 
from being still prepared at Nordhausen in great 
quantity. The strongest acid obtained by this pTO- 
,cess is composed of 

Two equivalents of anhydrous sulphurio aoid 80 

One equivalent of water 9 

■•■■^■.•- 

89 

The fuming of the Nordhausen acid on exposure to 
the air proceeds from the escape of the anhydrous 

little water, are luted to the retorts, and the heat is raised and main- 
tained pretty high for thirty-two hours. The acid rises in the form of a 
dense white vapour, which is quickly ahsorhed hy the water in the 
receivers. As the condensation of the vapour developes a considerahle 
degree of heat, the workmen have the means of determining when the 
distillation is complete by the cooling of the receivers, although the re- 
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Mid in vapour, and the condensation of the moisture 
in the atmoi^phere by the acid. 

On redistilling the Nordhausen acid at a gentle 
beat in a glass retort, the receiver being artificiaDy 
eooled, the anhydrous sulphuric acid, which is ex- 
tramely volatile, distils over and condenses in the 
solid state, forming soft, silky, tough crystals, much 
Mflembling asbestos in appearance. At 77** Fahr. it 
liquefies, and at a little higher temperature enters 
into ebullition, forming a colourless vapour, provided 
no water is present ; but when exposed to the air, it 
produces dense white fumes by condensing the atmo- 
spheric moisture. At eS"" Fahr. its density is 1*98. 
The affinity of the anhydrous acid for water is very 
intense ; if dropped into that liquid in small quan* 
titles, it produces.^ hissing noise, as a piece of red- 
hot metal, and in larger quantities it produces such a 
sudden burst of vapour as amounts to an explosion. 
It contains 1 eq. of sulphur (16), and 3 eqs. of oxygen 
(24). Its equivalent is therefore 40. 

But to return to the manufacture of the acid. The 
length of time necessary for the operation, the small- 
ness of the product, and the rapid destruction of the 
retorts through the intense heat requisite, rendered 
the old process, by means of copperas, extremely tedi- 
ous and inconvenient. Towards the end of the seven- 
teenth century, the discovery of a more advantageous 
method was made the object of experiment, and was 

torts are still at their proper heat. When the receivers are become cool, 
they are disconnected from the retorts, the red oxide of iron remaining in 
the retorts as the residue of the copperas^ is taken out^ and its place is sup- 
plied with a fresh charge of copperas, and the distillation is recommenced 
as before. Unless the product of the first distillation is removed from 
the receivers, it is unnecessary to add more water. 
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fortunately attained by two French chemists, Lefeyie jr 
and Lemery. Long antecedent to this, however, it had 
been observed that a small quantity of sulphuric add 
is produced when sulphur is burned in a humid vessd, 
and some pharmaciens had actually followed this as a 
manufacturing process ; the acid thus prepared was 
known as oil or spirit of sulphur by the beUj the 
name having reference to the glass globe in which the 
combustion was effected. The grand improvement 
introduced by Lefevre and Lemery consisted in the 
addition of nitre to the sulphur in this operation; 
whereby the product of sulphuric acid is prodigiously 
increased. For a long time, however, the quantity of 
sulphuric acid made by this improved process was 
inconsiderable, and Lemery himself observed that he 
preferred the acid made without nitre. 

The process of the French chemists was first con- 
ducted on an extensive scale in England, where Dr. 
Ward, of Richmond, the inventor of many celebrated 
nostrums bearing his name, was granted by patent 
the exclusive right of working the process. The price 
of the article prepared by Ward was from 1^. 6rf. to 
2s. 6d. per lb. The glass globes employed in the 
process were of the capacity of forty or fifty gallons. 
The mixture of sulphur and nitre was set on fire in an 
iron ladle, placed on a stone-ware support, a few pounds 
of water having been previously introduced into the 
globe. On the expiration of Ward's patent right, 
several other individuals became concerned in the 
manufacture, and introduced various improvements, 
by far the most important of which consisted in the 
substitution of large leaden chambers for the fragile 
and expensive glass globes. The first leaden cham- 
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"ber for the purpose was erected at Birmingham, by 
Dr. Roebuck and Mr. Samuel Grarbett, about the year 
1746* 

The general manner of conducting the process 
until within the last eighteen or twenty years was 
tiie following. The floor of the chamber being co- 
vered with water, a mixture of seven or eight parts of 
brimstone, with one pound of crude nitre, was spread 
on leaden or iron plates, supported by stands of 
lead about a foot above the surface of the water, 
and the mixture was ignited by a red-hot iron rod. 
About thirty pounds of the mixture was reckoned a 
proper charge for a chamber of the capacity of nine 
thousand cubic feet. Three hours after the sulphur 
was lighted, the doors of the chamber were thrown 
open for a quarter of an hour or half an hour, to ad- 

* The history of the progress of the manufacture of sulphuric acid has 
been minutely traced by Mr. Parkes, in his Essay on Sulphuric Acid, 
to which work I am chiefly indebted for the following particulars. 
The consumption of the sulphuric acid made by Dr. Roebuck and Mr. 
Grarbett being confined almost entirely to Birmingham and its imme- 
diate vicinity, owing to the interior locality of the town, and the risk and 
expense, at that time, of land carriage, the adventurers were induced, 
in 1749, to establish works on a very extensive scale at Preston Pans, 
on the eastern coast of Scotland, expecting that many important appli- 
ciKtions of the acid would result from affording facilities for its trans- 
portation. At Birmingham its chief uses were in the preparation of 
nitric acid by means of nitre, for the use of the various manufactories, 
and for recovering the silver and gold of waste plated and gilt metal. 
A set of experiments on the use of sulphmric acid in bleaching was un- 
dertaken about this time by Dr. Home, Professor of Chemistry in the 
University of Edinburgh, which shewed its decided superiority over sour 
milk (till then the only acidulous liquid employed in bleaching), and in 
a short time nearly all the linen bleachers of Scotland and Ireland adopted 
this acid to the entire exclusion of sour milk. 

Until about the year 1756, Messrs. Roebuck and Garbett carried on 
the manu&cture with great success and without any opposition ; but one 
of their workmen at Birmingham, who had absconded from their service, 
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mit air, and allow the incoDdeaiflaUe gases aad vufom 
to escape, preparatory to the introduction <xf another 
charge. The chamber was charged in this way sU 
times in the course of twenty-four hoars. As soon 
as the liquid in the dtamber attained a jspeciific gear 
vity oi 1*350, it was witiidrawn by a siphon into s 
reservoir of iead, and pumped from thiOEkce into a l^uku 
boil^; the floor of the chamber was again ooYfred 
with water. The acid was concentrated in the leaden 
boila* until of a specific gravity near 1'700, Tvi«i 
it was transferred to glass retorts, and iiien l^oildd 
untU it attained the strength reqmi^ 

Since sulphuric acid was prepared in the mode jost 
described, some important improv^eats liavie been 
introduced; but witibout detaiUng each of ±hese in 

contrived about that time to induce a party at Bridgenorth to establish 
a manufactory there; and another of their workmen, dischai^ed htm 
Preston Pans, became the founder of the extensive works at Bewdlej in 
Worcestershire. The size of the chambers at Bewdley was ten ieet 
square. 

The first manufactory of sulphuric acid in vessels of lead near Lon- 
don was that established at Battersea in the year 1742, hy Messrs. 
Kingscote and Walker, druggists. The scale on which these works 
were established was very considerable, but in a few years the specula- 
tion proved a failure and the manufacture was discontinued. 

A very extensive vitriol work was erected about the year 1783, near 
Eccles in Lancashire, and shortly afterwards another at Leeds. Since the 
introduction of the method x)f bleaching by chlorine, and the process of 
preparing soda by means of common salt, the demand for this acid has 
been almost unlimited, and the manufacture has ^gradually extended 
over almost every part of the United Kingdom. The usual dimensions 
of the chambers about twdhty years ago were, from twenty feet Jong and 
twelve feet wide, to forty or sixty feet long and sixteen or eighteen ieet 
wide. At present, chambers are sometimes constructed of one hundved 
and twenty feet in length, forty feet in width, and twenty feet in height. 
Other interesting historical particulars relating to the progress of the 
manufficture of this important acid may be found in the Chemical Mgsays 
of Mr. Parkes. 
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the order of their introduction, we may proceed to 
Inscribe the methods now most generally practised in 
tids country, n^lecting the trifling varialions in the 
nunnte details of the manufacture, which may bt met 
Ivith in different works. It will be convenient, how- 
ever, first to consider the nature of that reaction be- 
tireein the sulphur, nitre, air, and water^ which is the 
ftvndation of this important process. 

It was formerly consideared tibat the formation of 
sulphuric acid in the ordinary proems, is soie^ 
a consequence df the direct oxidation of sulphm*- 
<ms ac^ formed by the combu^ion of Bul^ur in 
the air, by the oxygen x^ntained in the nitre. 
The latter, it is well known, has a great oxidisang 
power ; as a consequence of its containing nitric acid 
( NQj ), which easily parts with its oxygen ; without 
ie£^ence, therefore, to the relative weights of nitre 
and sulphtu* employed, and of sidphuric acid produced, 
this would seem to be a correct explanation of the 
change which occurs. But a very simple calculation 
suffices to prove the fallacy of such a view. If we 
eonsider the relative weights of the materials and of 
the product, and it is only by observing the weights 
of the acting bodies that we obtain proper data for the 
foundation of a theory of any chemical reaction, it 
will be perceived that the quantity of nitre sufficient 
for a successful operation does not contain enough 
oxygen to convert one-twentieth part of the sulphur- 
ous acid into sulphuric acid. Where then is the 
source of oxygen ? It cannot be water^ for the whole 
of that liquid employed in the process is found at the 
end, unaltered, except in being in combination with 
sulphuric acid. The only remaining source of oxy- 



368 SULPHUR AND SULPHURIC ACID. 

gen is the atmosphere; and it has been amply de- 
monstrated, that, with the exception of a trifling 
quantity derived from the nitre, the whole of the 
oxygen required is obtained from the air; althougli 
when sulphur is burned in dry air, not a particle of 
sulphuric acid is produced, and in moist air, over a 
surface of water, the quantity formed is but a mere 
trace. The complicated changes by which the sul- 
phuric acid is produced have been most clearly traced; 
and though there are still a few trifling points con- 
nected with it which remain undecided, yet few che- 
mical reactions taking place among four different 
bodies, as in the present instance, admit of a more 
satisfactory explanation. 

The acting substances are, — 1**, sulphurous acid 
(SOa), formed by the combustion of sulphur in the 
air; 2**, nitre or nitrate of potash, the nitric acid 
(NO5) of which only comes into play; 3% the air, 
composed of very nearly one volume of oxygen and 
four volumes of nitrogen ; and 4**, water or steam. 

At the very commencement of the process a reac- 
tion takes place between the sulphurous acid and 
nitric acid, different from those changes by which the 
greater part of the sulphuric is formed, consisting in 
the conversion of nitric acid to nitric oxide (NO,) 
by the transference of three equivalents of oxygen to 
three equivalents of sulphurous acid, with formation 
of three equivalents of sulphuric acid : thus 

NO, and 3 SO, become NO, and 3 SO, 

equal to equal to 

N + 3S + 110 N + 3S + 110 

The sulphuric acid thus produced is condensed by 
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the water on the floor of the chamber, and is retained 
there; but the nitric oxide, which is a gaseous body, 
invisible when pure, becomes diflftised into the atmo- 
sphere of the chamber to perform a most important 
part in the subsequent reactions. Nitric oxide pos^ 
sesses the remarkable property of instantly uniting 
with more oxygen whenever presented to that gas, or 
to a mixture containing it in the free state, as the at- 
mosphere itself. If the oxygen is present in sufficient 
quantity, a compound is formed consisting of one equi- 
valent of nitrogen and four equivalents of oxygen, to 
which the name peroxide of nitrogen is applied; 
but if the quantity of oxygen is insufficient for the 
formation of that substance, a compound is produced 
containing one equivalent of nitrogen and three equi- 
valents of oxygen, known by the name of nitrous 
acid.* This property of nitric oxide to abstract oxy- 
gen from the air is of the highest importance in the 
changes which take place in the leaden chamber. 

The atmosphere of the chamber, which is the scene 
of action, contains therefore 

Sulphurous acid, 
Peroxide of nitrogen, 
Air, and 
Steam. 

The next point which demands consideration is the 
action which sulphurous acid and peroxide of nitrogen 
exert on each other. 

♦ On introducing copper filings into nitric acid of moderate strength, 
nitric oxide gas is evolved. When pure, this gas is colourless, but im- 
mediately it comes into contact with the air, a reddish-brown vapour is 
perceived, owing to the formation of either nitrous acid (NO3), or per- 
oxide of nitrogen (NO4), according to the proportion of air or oxygen 
which may be present. 

VOL. 11. 2 B 
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If these bodies are mixed perfectly dry in the ^tate 
of gas^ no change whatever, neither, combination nor 
decomposition of any kind occurs. . But if a little 
steam is admitted to the mixture of the two gases, 
combination ensues, and a white solid in smi^l Ink 
thery crystals is produced. The presence of a little 
sulphuric acid already formed greasy facilitates the 
combination. These crystals contaiu the elei^entg of 
one equivalent of nitric acid and twQ equivalents of 
sulphurous acid, but the precise mode of arrangemeot 
of the elements is uncertain ; for our purpose it m^j 
be conveniently considered as a compound of snlphpTr 
ous acid and peroxide of nitrogen together with sul- 
phuric acid, according to the formula (SO, + N0«) + 
SO,. 

This crystalline compound, it is to be obserired, is 
formed only when a small quantity of water is pre-, 
sent. On coming into contact with more water, it is 
instantly decomposed, with the fonuation of sul- 
phuric acid on the one hand ajid nitrous acid on the 
other. This change is effected through the trans- 
ference of one equivalent of oxygen from the peroxide 
of nitrogen to the sulphurous acid; the crystalline 
substance producing, according to the formula given 
above, two equivalents of sulphuric acid and one equi- 
valent of nitrous acid; thus, (SO2 + NO4) -f-SOj and 
2 eqs. of HO, become NO3 and 2 (SOs-f HO). 

Of these products, the sulphuric acid is immediately 
precipitated on the walls and floor of the chamber, 
but the nitrous acid spontaneously decomposes into 
nitric oxide and peroxide of nitrogen ; one equivalent 
of each of these gases being produced through tlje de-: 
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composition of two equivalents of nitrous acid ; thus, 
2NO3 (or N, + Ofi) = NQ, and NO,. • 

But no sooner is nitric oxide.thup reproduced, than it 
unites with Lmore oxygen of the m {provided sufficient 
be present ),t and once more changes to peroxidei^of ni^ 
trogen. The peroxide thus reproduced on« meeting a 
flteond time T^h sulpl^urous acid aiid water ^ves.rise 
to a suQCfession of >the same^ changes, witL the forma-i 
tion of an. additionfil quantity of jsulph^e acid and 
reproduction of peroxide of nitrogen and nitric oxide ; 
and the latter, by uniting with oxygen, again becomes 
peroxide of nitrogen. These changes continue so long 
as the neicessary sulphurous acid, water, and air are 
supplied. 

It appears, therefore,, that the source of oxygen 
necessary to ^convert the sulphurous acid inta sul-i 
phuric acid, is neither peroxide of nitrogen nor nitric 
oxide, primarily, but the air, the nitric, oxide -merely 
acting as the meians of transfi^ring the oxygen.. The 
changes are in rea^lity simple, though thcv several iur. 
cidental circumstances occurring at the same time^ 
somewhat ^complicate its description. Nitric oxide 
takes oxygen from the air and then transfers It/ to 
sulphurous acid, l)ecoming again fitted to abstract 
oxygen from the air and continue the action. ^ . On 
this principle only, fcr tihie enunciation of whicLwe 
are indebted to MM. Cl^ement and Desormes and. Sir 
Humphrey Davy (though the original theory has met 
with some slight modifications), can the factbcac^ 
counted /or that a comparatively trifling quantity of 
nitre is sufficient to convert a large quantity .of sul- 
phur into sulphuric acid. 

2b2 



372 SULPHUR AND SULPHURIC ACID. 

The reason why an indefinite quantity of sulphur 
cannot be converted into sulphuric acid through the 
agency of the same quantity of nitric oxide (as would 
seem to be required by the above view) is evidently 
because the nitric oxide is removed from the cham- 
ber by being mixed with the nitrogen of the air, the 
oxygen of which has been completely abstracted. If 
the chamber could be supplied with pure oxygen gas 
and pure sulphurous acid, a very small quantity of 
nitric oxide might suffice for the production of an 
unlimited quantity of sulphuric acid. 

The formation of sulphuric acid in this way admits 
of some instructive illustrations on the small scale. 
K a little sulphurous acid gas is introduced into a 
bottle, the sides of which have previously been wetted 
with some concentrated nitric acid, the bottle becomes 
beautifully coated with the white crystalline com- 
pound. The flask belonging to the apparatus figured 
at page 355 may be used in this experiment, the exit- 
tube being simply dipped into the bottle. Either 
charcoal and oil of vitriol, or metallic copper and oil 
of vitriol, may be used as the source of the sulphurous 
acid gas. If the nitric acid employed in this experi- 
ment is very strong, the crystals formed will be tole- 
rably stable. On introducing a little water, their im- 
mediate decomposition takes place, with effervescence 
of nitric oxide and peroxide of nitrogen, while sul- 
phuric acid remains dissolved in the water. 

A more exact imitation of the process may be per- 
formed by means of the apparatus represented in the 
annexed figure. It consists of a tall glass jar, having 
three openings, two near the bottom and one at top. 
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Fig. 36. 




Through the opening at top is inserted a glass tube 
open at both ends. With the two lower openings are 
connected two stoppered retorts, one of which contains 
some slips of copper, and the other materials for 
evolving sulphurous acid. Before the apparatus is 
arranged, the sides of the bottle should be wetted all 
over with oil of vitriol, and a few drams of that liquid 
may be allowed to remain at the bottom. Heat is first 
applied to the retort for evolving sulphurous acid; 
and when that gas begins to be evolved with tolerable 
rapidity, but before much has entered' the bottle, 
nitric acid of about the specific gravity 1"2 is poured 
on the copper in the other retort to evolve nitric 
oxide gas. Should the production of the gases become 
so violent as to expel too much of the air of the bottle, 
the stoppers of the retorts may be withdrawn and the 
gases allowed to escape for a little while. The crys- 
talline compound soon forms a beautiful coating on 
the sides of the bottle. On introducing more water 
it is rapidly decomposed, and peroxide of nitrogen is 
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reproduced to act on another quantity of sulphurous 
acid. 

But to return to the process practised on the large 
scale. Of late years, iron pyrites has been very ex- 
tensively used in the manufacture of oil of vitriol; 
but as sulphur is not yet wholly superseded by py- 
rites, the following account has reference, in the first 
place, to the use of sulphur only. A sulphuric acid 
chamber, with most of its appendages, is represented 
on the opposite page. It is supported on brick or 
stone pillars, and by an external wooden frame-work 
at seven or eight feet above the ground level.* 

The sheet-lead of which the bottom of the cham- 
ber is made should weigh ei^ht or t^n pounds to the 
square foot;, but for the top^ and aides, lead of one 
half that thickn^ is sufficient. The combustion of 
the sulphur with^ nitre is effected in thd small furnace 
d ; it is generally built entirely of fire-brick, but the 
roof and floor are sometimes formed of cast-iron 
plates. The quantity of air which enters is regu- 
lated by a damper attached to the doot. The sul- 
phurous acid gas produced through the combustion 
of the sulphur, air, and gases from' the nitre are 
conducted from the furnace a by means of an iron 
pipe 6, about ten or twelve inches in diameter, into 
the leaden chamber, wh^re it becomes mixed with 
steam* proceeding from the boiler c through the pipe 

..!.......,■ . . • . . ' . • 

* By giving the chamber this elevation the acid may be easily con- 
veyed by pipes to the boilers or elsewhere, without the trouble of pump- 
ing or transferring into bottles : access is readily obtained to the bottom 
of the chamber for repairing, and the room below may be made avail- 
able for other purposes. . 
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rf.* At the bottom of the other end of the chamber | 
is a large leaden pipe e to discharge the uncondensed 
gases into a second smaller chamber, or else they 
may be dispersed by a second chimney represented 
by the dotted lines at f. The floor of the chamber 
is divided into three compartments by two leaden 
ridges, g and h^ each compartment having its pro- 
per exit-pipe for the acid. By this contrivance a 
portion of the acid may be drawn off for evaporation, 
if required, before the remainder is sufficiently strong. 
The acid in the division nearest the Aimace may, for 
instance, be drawn oflF once or twice a week, while 
that in the third division cannot be removed ad- 
vantageously oftener than once in a fortnight. Ac- 
cess may be had to the interior of the chamber for 
the purpose of repairing and cleaning, through a 
hole or doorway i in the side of the chamber. While 
the process is going on, this opening is closed with 
a piece of sheet-lead fastened to a frame of wood ; 
the joinings are made air-tight with luting. Fig. 38 
Fig. 38. represents a contrivance for procuring a 
sample of the product, and for ascertaining 
the depth of the acid liquid at the bottom 
of the chamber. It is merely an opening 
in the side near the bottom, with the lead 
pushed inwards and prolonged so as to dip 

* In some oil of vitriol works the gases are intimately mixed with 
steam before they enter the chamber, being introduced for that purpose 
into one or two small leaden cisterns which communicate with the cham- 
ber by a large pipe. The bottoms of these cisterns are covered with two 
or three inches of water, and as this gradually increases in bulk and be- 
comes acid, it is conducted by a waste pipe into the chamber. But the 
benefits which result from this arrangement are not considered by any 
means proportional to the additional expense. 
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beneath the surface of the liquid, and thus prevent the 
escape of gas. In fig. 37 three such openings are re- 
presented at k^ /, and m, one pertaining to each 
compartment of the floor. 

The chambers of some oil of vitriol works are di- 
vided into rectangular compartments by parallel 
leaden curtains, of which there may be three or four 
in a chamber of eighty feet in length ; these reach 
across the whole width of the chambers, but not from 
top to bottom, wanting about six inches, the open- 
ing being left at top and bottom alternately, so that 
the gaseous miKture having entered a compartment 
at the top of one screen passes out at the bottom of 
the next, and so on. The object of this arrangement 
is to occasion a more complete intermixture of the 
gases. 

The apparatus being properly arranged, the floor 
of the chamber is first covered with a stratum of a 
few inches in depth of dilute sulphuric acid ; the 
acid is employed for this purpose in preference to 
water, as it causes the action to proceed with more 
vivacity.* The sulphur is then placed in its burner, 
and immediately over it is supported an iron pot 
containing the nitre or nitrate of soda,f mixed with 
the quantity of sulphuric acid proper for its decom- 
position. A hundredweight of bruised brimstone re- 

* The presence of sulphuric acid considerably facilitates the union of 
sulphurous acid and peroxide of nitrogen, because it enters as an essential 
constituent into the composition of the crystalline compound (see p. 370). 

f Either common nitre or nitrate of soda may be used indifferently, 
these salts being equally effective. In his choice, the manufacturer is 
guided by the respective prices of the articles, and by his facilities for 
disposing of the sulphates which remain after the decomposition. When 
common nitre is used, the. residue consists of sulphate of potash, for 
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quires fixHn eight to ten pounds of nitre, ^ or^'tebe 
from seven to nine pounds of nitrate of soda, a&d 
from five to «ix pounds of oil of yitriol. In •some 
works the nitre or nitrate of soda 'and oil of vitriol 
are mixed with the sulphur, instead of being sup- 
ported over it. The sulphur ^bein^ kindled, the^bsat 
it produces vt^riaes nitric acid; but i tlie latter His 
immediately reduced by sulphurous acid tO' the state 
of nitric oxide, and as such proceeds to the*ckaiiiber 
accompanied by sulphurous add, air, and steam st^ 
plied by the boiler. The quantity of sulphur em- 
ployed is of course proportioned to the siEe^of the 
chamber. For a chamber > of- which > the capacity is 
27,000 cubic feet, nine hundredweight of «^s&lplmr 
may be consumed in the course of twenty^feur hours. 
The introduction of water into the chamber in the 
form of steam is one of the most knpoliiant of the 
modem improvements in this manufacture, being the 
principal cause of the larger product and increased 
rapidity of the present process compared with the 
old method. Water or steam not only p«:ibrms an 
essential chemical action, but steam operates me- 
chanically in causing the gaseous molecules to mix 
intimately and bring them more nearly into a w^te 
of juxtaposition ; end it also quickens the chemical 
changes by the heat it affords. The amount of steam 

which there is a considerable demand at ^e alum works in the -North 
of England. The residue from nitrate of soda^ which is sulphate of 
soda or talt'-cake, is inferior in value to sulphate of |>ota8h, but meets 
with a purchaser in the soda manufacturer. In a few sulphuric acid 
manu&ctories, where a considerable quantity of nitric acid is Teg^ularly 
consumed in the preparation of oxalic acid and certain metallic com- 
poimds, the nitrous vapours which are thus evolved arc made available as 
a substitute for nitre, being simply conducted into the leaden chamber. 
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introduced is regulated by the condition of the cham- 
laer. If a small quantity of the gaseous mixture, 
allowed "to escape from the chamber through an open- 
ing in the side, smells but feebly of sulphurous acid, 
the steam should be diminished and the combustion 
of the sulphur facilitated by stirring and admitting 
more air. But if the odour of sulphurous acid is 
stronger than it ought to . be (a point easily de- 
cided by an experienced workman), the proportion 
of steam should be increased. The state of the 
chamber may also be ascertained by collecting and 
esamining a little of the acid aa it trickles down the 
sides of the chamber. For that purpose a small 
ledge is fixed as a receiver for the acid to the inside 
of the chamber, from which the acid may be with- 
drawn on the outside at pleasure by a small leaden 
pipe. If it evolves much nitrous fumes when mixed 
with water, the proportion of steam may be increased, 
and that of nitre diminished. But if it developes no 
nitrous vapours when mixed with water, and pos- 
sesses a strong odour of sulphurous acid, the pro- 
portion of nitre should be increased.* 

It has already been observed (page 370) that the 
existence of the crystalline compound is exceedingly 
transitory, it being decomposed almost immediately 
on its formation, when the action proceeds in a 
proper manner. But when the proportion of water 
present is small, and especia.lly if the temperature 

*' The aUite of the interior of the chamber msy also be ascertained 
by having two or llirco circular openings in the roof of tlic chatnber, each 
of which is eovercJ witli a glass bell-jar fitting into a groove around the 
opeding. Whenever the interior of the jar does not appear thickly 
covered with drops, the praportiun of sLeaui in tht elmnibt-r should be 
increased. 
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happens to be low, the crystals are sometimes pre- 
cipitated and remain for a considerable time without 
decomposition, forming a crust of half an inch or 
more in thickness on the sides of the chamber. As 
the atmosphere of the chamber is thus deprived of 
its nitric oxide or peroxide of nitrogen, unless the 
temperature is raised or more steam introduced to 
cause the decomposition, the formation of more sul- 
phuric acid is prevented.* A convenient tempera- 
ture at which to maintain the chamber is 130** or 
140^ Fahr. 

On considering the chemical changes which occur 
in this process, it will be manifest that if the supply 
of sulphurous acid and air is properly apportioned, 
the only refuse is the nitrogen gas of the air, to- 
gether with some nitric oxide gas, means for the 
exit of which should be provided by a waste-pipe. 
In fig. 37, this part of the apparatus is represented 
at /^. The pipe may be prolonged to eighty or a 
hundred feet to ensure the complete condensation of 
the acid. Nitrogen being a comparatively light gas 
is displaced by the influx of heavier gases at e. 

Iron pyrites was first extensively employed in the 
manufacture of sulphuric acid by Mr. Hill, proprietor 

* The influence of temperature on the reactions which take place in 
the leaden chamher has heen demonstrated in a decisive manner by an 
experiment of MM. Clement and Desormes. Into a glass globe containing 
a small piece of ice they introduced simultaneously sulphurous acid, oxy- 
gen, and nitric oxide, and plunged the globe in ice-cold water. The con- 
sequence was, that no sulphuric acid was formed, though all the materials 
necessary to its production were present ; but on heating the globe to 
the temperature of 100° Fahr., immediate action ensued, and hydrated 
sulphuric acid was condensed on the sides of the globe in visible striae. 
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of chemical works at Deptford and at Battersea, who 
obtained a patent for the application of this and 
other native sulphurets in 1818. Since the expira- 
tion of Mr. Hill's patent right, and especially since 
the attempt to establish a monopoly in the sulphur 
trade, many other manufacturers have availed them- 
selves of this material, so that, at present, pyrites is 
much more largely employed than sulphur. When this 
mineral is calcined in such a manner as to have free 
access of air, the whole of its sulphur bums off as 
sulphurous acid, leaving a residue of red oxide of 
iron. 

The presence of arsenic in larger or smaller pro- 
portions in all the ordinary varieties of this mineral 
constitutes one capital objection to its application in 
the manufacture of sulphuric acid, the acid it affords 
being dlways slightly contaminated with arsenic (ar- 
senious acid). The quantity of this substance, how- 
ever, which finds access to the chamber is seldom 
more than a mere trace, for nearly the whole is con- 
densed in the flue of the pyrites burner ; the flue be- 
ing prolonged, in some works, to the length of thirty or 
forty feet, to expose it to the cooling influence of the 
atmosphere. The pyrites met with at the Isle of 
Sheppy is almost entirely free from arsenic* 

The construction of the ordinary pyrites burner 

* In the specification of a patent for some improvements in the ma- 
nnfacture of sulphuric acid (ohtained in 1840), Messrs. Blair and Watson 
claim the use of sulphuretted hydrogen as a means of separating arsenic 
from sulphuric acid. The acid is suhmitted to the action of sulphuretted 
hydrogen in the state in which it is withdrawn from the chamher, when 
the arsenic is precipitated from the dilute acid in the state of orpiment, 
or King's yellow. Sulphuretted hydrogen occasions no precipitate unless 
the acid is dilute. 
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may be conceived by reference to figs. 39 and 40. 
Fig. 39 represents the front, and fig. 40 a perpen- 
dicular section from the front to the back. The 
burner somewhat resembles a lime-kiln, its interior 
space being in the form of an inverted pyramid. Its 
entire height from the basement is from eight to ten, 
feet ; its external width at bottom from seven to nine 
feet, and at top about six or seven feet. Its widest 
part in the interior is at seven or eight feet frpm 
the base, where the width is five or six feet; from 
this it contracts gradually to the bottom, where.it is 
about two feet wide. The mineral is broken into 
small pieces about the size of a hen's egg, and thrown 
into the burner through the top or feeding door a. 
Across the interior, on a level with this door, are 
placed a few iron bars' to support the nitre pot 6, 
fig. 40. From the bottom of the burner to the door 
a are five or six smaller doors for stoking the ore 
in its descent. All the doors except the' lowest are 
made tight with luting during the cotnbustion of the 



SULPHURIC ACID. 383 

pyrites, the air baying access through the bottom 
door only. The gases are conducted from the burners 
"by the flue c, and the calcined ore is withdrawn at 
the bottom door. In a burner of this construction, 
and of the largest size above mentioned, about a ton 
of pyrites may be burned in twelve hours, the ore 
being introduced every hour. 

In the form of small masses pyrites is sufficiently 
combustible to continue burning of itself, when once 
ignited with a proper supply of air ; but if finely 
divided, its combustion generally requires to be as- 
sisted by heat derived from another source. One form 
of burner for small pyrites comprises two rectangular 
earthenware retorts, each about ten feet long, three 
feet deep, and two feet broad, with an earthen shelf 
extending its whole length, placed horizontally. The 
retorts are supported by several rows of fire-brick. 
Between the two retorts is the fire-place, about two 
feet in width and five feet in length ; the fire plays 
around each retort, passing through the spaces be- 
tween . the rows of bricks which support the retorts. 
Air enters the retort through a small aperture in 
the door at one end, and the gases pass out at the 
other end and are conveyed into the flue of the large 
burner. About a ton and a half of small pyrites may 
be burned in the two retorts in twenty-four hours.* 

A patent has been lately obtained by Mr. Farmer 
for a furnace of particular construction for the com- 

♦ The burner for small pyrites at some works consists of a scries 
of several shelves of fire-tiles placed at four or five inches apart. 
The breadth of the burner is about six feet ; its height three feet six 
inches, and its depth eight feet. Each shelf is ftimished with open-^ 
ings through the iron door in front, to introduce the pyrites and 
withdraw the calcined ore. The shelves do not reach quite to the back 
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Fig. 41. 



bustion of pyrites and other sulphurets, with a view 
of obtaining either sulphurous acid or sulphur without 
the aid of fuel. A perpendicular section of the fiir- 
nace is represented in fig^ 41. The furnace is first 
heated with coals or burning pyrites /rom a pre- 
vious operation, and then fed with pyrites in small 
lumps through the door-way a; the amount of air 

necessary for the combus- 
tion is regulated by that 
opening, and also by the 
doorway b on the other 
side at bottom. The 
small fragments which fall 
through the grating c are 
received in a second grat- 
ing dj the bars of which 
are placed closer together 
than those of c. The sulphurous acid gas produced 
by the combustion of the pyrites escapes by the chim- 
ney By and is conducted into the leaden chamber. To 
obtain sulphur from pyrites by this furnace, the door- 
way a is kept entirely closed except when more py- 
rites is to be introduced, just sufficient air being ad- 
mitted through the opening b to maintain the pyrites 
in a state of low combustion. A little unbumed sul- 
phur is then given off, and may be collected in a 
leaden chamber or receiver communicating with the 
furnace by the chimney e. The occasional admission 




of the burner, so that a clear space exists there through which the sul- 
phurous acid from aU the shelves rises and escapes at the flue. The 
nitre pot is introduced through an opening at the back of the burner, and 
the extraneous heat necessary to assist the combustion of the small 
pyrites is derived from a furnace situated on one side of the burner. 
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-of steam obtained by throwing water on the ash-hole 
y is said to facilitate the extrication of the sulphur.* 

The small pyrites may be advantageously consumed 
in a burner constructed in the ordinary manner (as 
figs. 39, 40), if previously worked up into small 
bricks with about one-fourth of its weight of plastic 
day. 

Most of the pyrites used in the English sulphuric 
acid manufactories, with the exception of those near 
London, is procured from Ireland, particularly from 
the county of Wicklow. An abundance may be ob- 
tained from Cornwall ; but the pyrites raised in that 
county usually contains a much larger proportion of 
arsenic than that found in Ireland. The cost of this 
mineral must of course vary exceedingly with the 
locality of the works. The best pyrites is delivered 
at Runcorn (the port of most of the Lancashire 
works), at about 1/. 7^. per ton. A ton of pyrites 
. requires about sixty pounds of nitre, with the equi- 
valent quantity of sulphuric acid, and if good, affords 
nearly a ton of the concentrated acid. 

Attempts have been made at different times in 
the manufacture to apply of sulphuric acid the sul- 
phurous acid produced by the combustion of sul- 
phuretted hydrogen; the latter being an abundant 
bye-product in a few manufacturing processes, parti- 
cularly in the production of ammoniacal salts from 
gas liquor. In a process of this kind, included in a 

♦ The decomposition of iron pyrites by steam, at a high temperatm-e, 
with formation of sulphm'etted hydrogen gas and oxide of iron, has been 
made the basis of a process for effecting the complete separation of sul- 
phmr from pyrites, for which a patent has been granted to Mr. Julian 
Rodgers of Pimlico. 

VOL. II. 2 c 
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patent granted to Mr. Maugham in 1836,* the soL- 
phurutted hydrogen is mixed, in a row of little sept- 
rate boxes contained in an air-tight iron yessd, 
with the ({iiantity of atmospheric air or oxygen gas 
pri»pcr for its complete combustion, the gases bang 
contained in two gas-holders. The mixture bums at 
small jets proceeding from the boxes, and the sul- 
phurous acid and steam produced by the combiistion 
are conducted by a pipe from the external iron Yead 
into the leaden chamber, where it is oxidized thrnij^ 
the agency of nitric oxide in the usual way. The 
jets are lighted at first through an opening in the ex- 
terior vessel, which is afterwards dosed and rendered 
air-tight. 

When the sulphur monopoly was in force, an at- 
tempt was also made to apply for the same purpose a 
compound of lime and sulphuret of calcium, obtained 
as a bye-product in the process of making carbonate 
of soda from common salt. This compound is techni- 
cally known as soda-waste. Hydrochloric acid, an- 
other bye-product of the same process, which is com- 
monly allowed to escape by the chimney, is collect^ 
and applied to the soda-waste ; the latter being in a 
humid state. Sulphuretted hydrogen and carbonic 
acid gases are immediately disengaged, and the former 
may be burned instead of sulphur to produce sulphur- 
ous acid. But the quantity of hydrochloric acid 
which may be collected in the soda process is not suf- 
ficient to decompose the whole of the soda-waste ; the 
decomposition of the remainder, however, may be 
efiected by means of the carbonic acid disengaged 

• For " certain improvements in the production of chloride of lime 
and certain other chemical substances." 
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with the sulphuretted hydrogen, which forms car- 
bonate of lime and an additional quantity of sul- 
phuretted hydrogen. This process was devised by 
Mr. Gossage.* 

Mr. Peregrine Phillips has contrived a process for 
preparing sulphuric acid on the large scale without 
the aid of nitre, founded on the property possessed by 
jpongy platinum of causing chemical combination 
between certain gases with which it is placed in con- 
tact, as hydrogen and oxygen, hydrogen and chlorine, 
and sulphurous acid and oxygen. When a mixture 
of sulphurous acid and air is made to pass over 

♦ Gypsum, or sulphate of lime, of which a great abundance might be 
procured, has been recently proposed as another source of sulphur, by 
IL Thaulow. It is proposed that the sulphate of lime be first reduced 
to the state of sulphuret of calcium by calcination with charcoal in 
iron or earthen retorts. In this operation the carbon unites with the 
whole of the oxygen of the sulphate of lime, forming carbonic acid (ac- 
eording to M. Thaulow), which comes off in the state of gas, the remain- 
ing constituents of sulphate of lime forming sulphuret of calcium. The 
carbonic acid gas is not suffered to escape, but is employed for the de- 
composition of sulphuret of calcium obtained by a previous operation 
well mixed with water. By the action of carbonic acid on sulphuret of 
calcium in the presence of water sulphuretted hydrogen gas is disengaged, 
carbonate of lime remaining as the residue. The evolved sulphuretted 
hydrogen gas is conducted immediately into the leaden chamber and 
there burned, when it gives rise to water and sulphurous acid : the latter 
18 to be oxidized by the agency of nitric oxide in the usual manner. 

The preceding process has not yet, I believe, been introduced on the 
laige scale. Its success, in its present form, depends partly on the circum- 
atance that sufficient carbonic acid is generated by the action of charcoal 
on a given quantity of sulphate of lime, to decompose the sulphuret of 
calcium produced by the same quantity of sulphate of lime in a previous 
operation. For carbon to effect the complete decomposition of the sul- 
phate with formation of nothing besides carbonic acid and sulphuret of 
calcium, one equivalent of sulphate of lime requires exactly two equiva- 
lents of carbon ; thus, CaO, SO3 and 2 C = CaS and 2 CO,. But with 
only two equivalents of carbon to one of the sulphate, the decomposition 
goes on slowly, requires a high temperature, and is probably never com- 

2c2 
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spongy platinum heated to redness, combination en- 
sues between the sulphurous acid and the oxygen of 
the air with formation of sulphuric acid. In the pro- 
cess of Mr. Phillips, sulphurous acid is mixed with an 
excess of air by a blower, and caused to pass through 
a red-hot platinum or porcelain tube, filled with spongy 
platinum or balls of fine platinum wire. The vapours 
of sulphuric acid thus generated, which are mixed 
with the nitrogen of the air, and the excess of air, are 
conducted by a tube of lead into a long and narrow 
leaden condenser, supported in an upright position by 
masonry. The condenser is filled with quartzy peb- 
bles, which are kept constantly wet with a stream of 

plcte. With an excess of carbon it is effected readily and completely ; 
but in that case, instead of carbonic acid, a certain amount of carbonic 
oxide is evolved, which does not possess the power of decomposing moist 
sulphuret of calcium like carbonic acid. Again, in most countries the 
only substance which could be economically employed in the reduction 
of sulphate of lime to the state of sulphuret of calcium, is coal, the hy- 
drogen of which plays as important a part in the reduction as the carbon ; 
water being formed by the combination of hydrogen with the oxygen in 
the sulphate, to the diminution of the proportion of carbonic acid and 
carbonic oxide. Here are material objections to M. Thaulow's process 
in its present form : but a supply of carbonic acid sufficient for the 
decomposition of the sulphuret of calcium may be easily obtained 
from another source ; for instance, from the combustion of coke in 
the furnace in which the vessels containing the mixture of sulphate of 
lime and carbon are heated. Or, by employing such an excess of carbon 
in the decomposition of the sulphate of lime that very little or no car- 
bonic acid is given off, the carbonic oxide may be set on fire (air 
having access), and the carbonic acid thus generated made available 
in the process. Instead of burning the sulphuretted hydrogen within 
the leaden chamber, as proposed by M. Thaulow, it would^ doubtless^ be 
found more convenient to bum it without, and to conduct the products 
of the combustion together with a proper quantity of air into the cham- 
ber by a large tube. But with these modifications it is improbable that 
the process would present any economical advantages over the ordinary 
methods ; at least, so long as iron pyrites and sulphur continue so ac- 
cessible as at present. 
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water or of dilute acid from the bottom of the con- 
denser, admitted at the top. It is to be expected that, 
after the spongy platinum has been in use for a long 
time, its particles will have become so aggregated as 
to lose their property, in a considerable degree, of 
causing the condensation and union of the gases. 

• The only operations in this manufacture which re- 
main to be noticed, are those which have for their 
object the concentration of the acid. For some manu- 
£u^turing purposes in which acid of the greatest 
strength is not essential, as for the preparation of 
bleaching powder, muriatic acid, and sulphate of 
soda for the alkali manufacturer, the acid may be 
used as taken from the chamber without further con- 
eentration. But if intended for the, market, it must 
be brought to the greatest strength easily attainable ; 
and even for the purposes above mentioned, some 
manufacturers employ the concentrated acid, because 
those parts of the apparatus employed which are 
constructed of iron are not so easily acted upon by 
that as by a dilute acid. 

By prolonging the process, acid may be procured 
from the chamber of a density near 1*500; but when 
the chamber contains acid of such strength, the ac- 
tion proceeds very tardily, in consequence of the slow- 
ness with which such acid decomposes the crystalline 
compound of peroxide of nitrogen and sulphurous 
acid, which may remain in solution in the acid even 
after concentration by evaporation.* For the same 

• M. Adolphe Rose has observed, that when acid of specific gravity 
1'500, containing the nitrous compound, is distilled, at one period of the 
distillation, pure sulphuric acid passes over, the proportion of the nitrous 
compound in the residue thus becoming increased. 
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reason, acid of greater strength than 1*450 cannot 
be obtained from the chamber without increasing the 
proportion of nitre ; and even with the increased pro- 
portion^ the product of acid is small (Mr. Blyth). So 
that in general it does not answer the manufacturer's 
purpose to allow the acid to remain in the chamber 
after it has attained 1*350 or 1*450. K weaker than 
1*300, it generally contains in solution a considerable 
quantity of sulphurous acid. 

When of the proper strength, the acid is conveyed 
by a leaden pipe from the bottom of the chamber to 
large leaden boilers, in order to be concentrated by 
eyaporation. The boilers are made out of large rect- 
angular leaden plates of twelve or fourteen pounds to 
the square foot, by folding up the edges so as to make 
pans of the depth of ten or twelve inches, the comers 
being turned towards the sides. The annexed figure 

Fig. 41. 




is a representation of a set of three such boilers, ar- 
ranged in one line, but at different levels. Each rests 
on a grate of strong iron bars ; and if fuel is not very 
expensive, has a separate fire. As the acid in the 
highest boiler becomes concentrated, it may be trans- 
ferred by a siphon-tube to the middle boiler, and 
from thence to the lowest ; so that the latter always 
contains the strongest acid. Sik evaporating pans. 
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each presenting a surface of twenty [square feet, are 
sufficient for an establishment where the produce of 
concentrated acid is from twenty to twenty-four thou- 
sand pounds weekly. 

But the concentration of the acid cannot be com- 
pleted in the leaden boilers, from two circumstances : 
1% The boiling point of sulphuric acid of the highest 
degree of concentration (sp. gr. 1-848) is above the 
temperature of the melting point of lead; and 2**, when 
the density of the acid is greater than 1*75, the lead 
is corroded, sulphate of lead being formed, to the loss 
and deterioration of the acid as well as the destruc- 
•tion of the boiler. So soon, therefore, as the acid 
acquires the density 1*65 or 1*7 in the last leaden 
boiler, it is cooled, and transferred to glass or pla- 
tinum retorts to undergo a final concentration to the 
specific gravity 1*845 or 1*848. In all extensive 
manufactories, platinum retorts have now entirely 
superseded those of glass ; a great saving being there- 
by effected in fuel, breakage, and labour. Notwith- 
standing the great first cost of a platinum retort or 
boiler (from one to two thousand pounds), and 
though their duration is seldom more than three or 
four years, yet the economy of their employment was 
manifest, soon after their introduction, by a fall in the 
price of the acid from fourpence to about three half- 
pence per pound. The platinum vessel is not exposed 
immediately to the fire, but is fitted to the inside of a 
cast-iron pot, to which the fire is applied directly. 
Towards the end of the concentration, a great deal of 
sulphuric acid vapour comes over ; which, when glass 
retorts were employed, was allowed to escape into the 
atmosphere, to the great annoyance of the surrounding 
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neighbourhood. These vapours are now conducted 
into the chamber, where they are condensed; an inr 
tolerable nuisance is thus avoided, and a considerable 
saving of acid effected. Sometimes a leaden condens- 
ing worm is attached to the beak of the retort, and 
the liquid collected by it is returned to the leaden 
boilers. 

AATien the acid has acquired the proper degree rf 
concentration, it is cooled as speedily as possible, that it 
may be transferred into carbuoys, and the retorts again 
employed for the same operation. The refrigeration is 
effected either by letting down the body of the retort 
into a cistern of cold water, or by running the acid 
slowly through a platinum siphon, the long limb of 
which is in the form of a spiral, and surrounded by 
ooKl water in a tub. When properly arranged, a pla- 
tinum retort, capable of holding five and twenty gal- 
lons, admits of the concentration of from sixty to 
sovonty gallons of acid (oil of vitriol) in a day. 

The average product of concentrated sulphuric acid 
is about three pounds from one pound of sulphur. By 
calculation, one pound of pure sulphur should afford 
just three pounds and one ounce of concentrated acid. 
The superiority of the modern continuous process 
over the old intermittent plan (page 365) must now 
be obvious. The atmospheric air necessary to the 
proj>er action of the chamber was formerly obtained 
by throwing open several doors four or five times in 
twenty-four hours, to the loss of about one-third of the 
sulphurous acid, and to the extreme annoyance of the 
workmen and the neighbourhood. The requisite va- 
pour was produced by placing several fires within the 
chamber, which caused an evai>oration from the sur- 
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fiice of the dilute acid ; these fires were lighted and 
eleared out at each charge of sulphur and nitre, 
which required a considerable amount of labour, now 
unnecessary. 

When well prepared, concentrated sulphuric acid or 
oil of vitriol is composed of one equivalent of anhy- 
drous sulphuric acid and one of water, thus : 

1 eq. dry sulphuric acid 40 81*63 

leq. water 9 18*37 

49 100*00 

As met with in commerce, its density is 1*847 at 60** 
Fahr. ; but the presence of a little saline impurity 
contributes to its density in a slight degree. When 
re-distilled, it is near 1*845. It is a dense, colourless 
liquid, of an oily consistence, which boils between 610° 
and 620°, and distils over like water. The tempera- 
ture at which sulphuric acid boils varies with its 
strength: when of the specific gravity 1*78, its boiling 
point is 435° Fahr.; at the specific gravity 1*65, the 
boiling point is 350** Fahr. At —29° F. the concen- 
trated acid freezes, sometimes assuming the form of 
regular six-sided prisms of a tabular form. It is so 
corrosive that a single drop allowed to remain on 
the skin causes an ulcer ; and if a small quantity is 
swallowed, an intense agony ensues, which speedily 
terminates in death. Chalk or magnesia mixed with 
water and syrup is a convenient and eflScient anti- 
dote.* 

* A striking experiment illustrative of the powerful action of the 
concentrated acid on organic matters consists in mixing ahout equal 
bulks of very strong syrup and oil of vitriol. In a few seconds the mix- 
ture becomes black and hot, effervesces, and is at last converted into a 
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Sulphuric acid is the most powerful of acids ; it is 
capable of liberating all others from their saline com- 
binations, with a few exceptions, and these exceptions 
only under particular circumstances. Its acid, pro- 
perty is so strong that it is capable of reddening a 
blue infusion of litmus when diluted with a hundred 
thousand times its bulk of pure water. The hot con- 
centrated acid is capable of dissolving a small quantity 
of sulphur, whereby it acquires a brown tinge ; if the 
mixture is boiled, sulphurous acid is produced. Oil 
of vitriol dissolves charcoal to a small extent, and thus 
acquires a reddish colour. If charcoal is heated with 
the acid, sulphurous acid and carbonic acid gases are 
given off. The concentrated acid is also decomposed 
when heated with phosphorus, sulphurous and phos- 
phoric acids being thus produced. 

If oil of vitriol is exposed to the air, it rapidly ab- 
sorbs moisture, and increases in bulk at the same time. 
In a damp atmosphere, three volumes of the concen- 
trated acid increase to four volumes in the course of 
twenty-four hours, and a much larger quantity of water 
may be acquired by a longer exposure. For this rea- 
son it is usefully employed in the laboratory, to dry 
gases, and for evaporation and desiccation in vacico. 

The combination of sulphuric acid with water is 
attended with the developement of a considerable 
amount of heat. If the bulb of a thermometer is 

solid magma of charcoal, or rather of a highly carbonized substance re- 
sembling charcoal in appearance. The hydrogen and oxygen of the 
sugar appear to form water under the influence of the powerful afllnity 
of the sulphuric acid for that compound, the carbon of the sugar being set 
at liberty. The brown colour which oil of vitriol acquires when exposed 
to the air is owing to the decomposition of organic bodies which were 
floating about in the atmosphere. 
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placed in a vessel of cold water, and concentrated sul- 
phuric acid gradually added, the temperature is seen 
to increase instantly, and rise to a certain extent. 
When four parts by weight of the most concentrated 
acid are suddenly mixed with one part of water, 
both being at 50** Fahr., the temperature of the mix- 
ture rises to 300° (Dr. Ure). Mr. Parkes states, 
however, that the highest temperature he was able to 
procure was 266° Fahr., which was obtained by 
inrdng twenty-five pounds of oil of vitriol with ten 
pounds of water. A simple experiment, illustrative 
both of the evolution of heat by the combination of 
sulphuric acid with water, and of the power of the acid 
to absorb moisture from the air, consists in dipping the 
bulb of a thermometer in the concentrated acid, and 
then exposing it to the open air in a gentle draught : 
water is absorbed with sufficient rapidity to raise the 
mercury in the thermometer several degrees in the 
course of a few seconds.* 

The existence of several definite combinations of 
sulphuric acid with water is now established beyond 
dispute: 

1. The hydrate containing the smallest proportion 

* The admixture of sulphuric acid with water in certain proportions 
has been suggested as a means of readily procuring any required tem- 
perature within a considerable range at a very short notice, but the ra- 
pidity with which the mixture afterwards cools is an inconvenience in 
tkis application of the acid. Several years ago Mr. Parkes constructed 
a small table to represent the degree of heat thus evolved ; and though 
numerous similar experiments have been since executed, it is probable 
that his results have as much practical value as any others we possess^ 
his experiments having been conducted on a very considerable scale. 
The acid employed was the common commercial oil of vitriol of specific 
gravity 1'844. The temperature of the acid was 56° Fahr., and that 
of the water and the atmosphere of the room in which the experiments 
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of water, is that in the Nordhansen acid, composed of 
two equiyalents of anhydrous acid and one of water 
(see page 362). It may be regarded as a compound 
of the acid, containing one equivalent of water with 
the anhydrous acid. 

2. The next is the conmion oil of yitriol, which is 
a compound of one equivalent of acid and one of 
water, when of the specific gravity 1-846 or then, 
abouts. 

3. Acid of specific gravity 1-78 contains two equi- 
valents of water to one of dry a^id. When a more 

were conducted was 50°. Fresh quantities of acid and water were em- 
ployed for each experiment. 

Heat produced by the admixture oftulphuric acid toith water; ten pounds 

of water being used in each experiment. 



Sulphuric acid in 
pounds. 


Temperature of the 

mixture in degrees of 

Fahrenheit. 


Sulphuric acid in 
pounds. 


Temperature of the 

mixtore in degrees of 

Fahrenheit. 


1 


7go 


13 


229° 


2 


100 


14 


236 


3 


110 


15 


241 


4 


128 


16 


246 


5 


138 


17 


250 


6 


144 


18 


253 


7 


156 


19 


256 


8 


168 


20 


258 


9 


186 


25 


266 


10 


204 


30 


264 


11 


214 


35 


254 


12 


222 


40 


248 



In making these experiments, observes Mr. Parkes, five minutes were 
required in the first two for the mixture to arrive at the maximum tem- 
perature ; afterwards it acquired the maximum in two minutes ; and when 
the weight of the sulphuric acid was more than half that of the water^ 
the heat was evolved with still greater rapidity, until at last the change 
seemed to be instantaneous. In an experiment made upon ounces in- 
stead of pounds, the resulting temperature was considerably under that 
obtained on the larger scale : ten ounces of water at 50°, and thirty 
ounces of acid at 56°, gave on mixture in favourable circumstances a 
temperature of 246° instead of 264°. 
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dilute acid is concentrated by evaporation at a tempe- 
rature not exceeding 400** Fahr., the water is reduced 
to the proportion in this hydrate ; at a higher tempe- 
rature the second equivalent of water is also expelled. 
When cooled to the freezing point of water, this hy- 
drate forms large and regular crystals, and remains 
solid, according to Mr. Keir, till the temperature rises 
to 45« Fahr. (PhU. Trans. 1787.) During winter, 
accidents have sometimes occurred from the freezing 
of acid of this strength, the containing vessels being 
broken. If the acid contains the exact proportion of 
water, it freezes several degrees above the freezing 
point of water ; but if the acid is of greater or smaller 
specific gravity than 1*78, so as to contain only 1 per 
cent, either more or less of real acid, it cannot be 
made to freeze above 32**. 

4. The next hydrate is that which contains three 
equivalents of water to one of acid, and possesses the 
specific gravity 1*632. In whatever proportion con- 
centrated sulphuric acid is mixed with water, a reduc- 
tion of volume occurs, the bulk of the mixture being 
a trifle less than that of the acid and water separately. 
Now, the greatest condensation takes place when the 
acid and water are mixed in the proportion to form 
this hydrate ; which is a suflScient proof of its being a 
definite chemical combination. It is also formed when 
a more dilute sulphuric acid is evaporated in vacuo at 
a temperature of 212°. 

5. The existence of a hydrate contaiiling six equi- 
valents of water to one of dry acid, and of several 
definite hydrates containing a still larger proportion 
of water, is supported by recent thermometric re- 
searches. 
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It is often a matter of great importance to the 
manufacturer and the consumer of sulphuric acid to 
have a ready means of ascertaining the value and 
purity of a specimen of the acid, and also of preparing, 
at pleasure, an acid of particular strength. For all 
ordinary purposes the specific gravity is sufficiently 
indicative of the strength ; and several valuable tables 
have been therefore constructed to exhibit at sight 
the quantity of real acid, or of concentrated acid (oil 
of vitriol), in dilute acid of different densities. Kir- 
wan, Vauquelin, Dalton, Parkes, and Ure have each 
given a table for this purpose ; the most reliance may 
be placed, I believe, on those by Mr. Parkes and Dr. 
Ure. The experiments of Mr. Parkes were performed 
on a large scale, and with extreme care to avoid all 
possible sources of fallacy. The temperature of the 
room in which they were performed was 60° Fahr., 
and the density of the oil of vitriol at that tempe- 
rature 1"8494. Ten thousand grains of the acid were 
first well mixed with one hundred grains of water; 
the mixture was allowed to cool, and the specific gra- 
vity then observed. In the same manner the acid 
was diluted with other portions of water successively, 
the mixture being allowed to stand for some hours to 
cool before its density was ascertained. In those parts 
of the table to which an asterisk is attached, the re- 
sults given are those of actual experiment, the others 
are deduced by calculation. 
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JLE EXHIBITING THE QUANTITY OF REAL SULPHURIC 
ACID IN DILUTED ACID AT DIFFERENT DENSITIES. TEMP. 
60° FAHR. BY MR. PARKE8. 



■Its of water 


Cto^t'Ao 




Parts of water 


Specific 

gravity of 

the mixture. 




tK0d with 100 


Specific 

gravity of 

the mixture. 


Real acid 


mixed with 100 


Real acid 


m of sulphuric 
dd of 1-8494. 


per cent. 


parts of sulphuric 
aeid of 1-8494. 


per cent. 


*1 


1-8484 


99-009 


44 


1-5937 


69*444 


*2 


1-8465 


98-039 


•45 


1-5879 


68-965 


*3 


1-8445 


97-087 


46 


1-5820 


68-493 


*4 


1-8416 


96-153 


47 


1-5761 


66027 


*6 


1-8387 


95-238 


48 


1-5703 


67-567 


6 


1-8358 


94-339 


49 


1-5645 


67-114 


*7 


18319 


93-457 


50 


1-5585 


66-666 


8 


1-8270 


92-509 


51 


1-5526 


66-225 


9 


1-8222 


91-743 


52 


1-5478 


65-789 


*10 


1-8163 


90-909 


53 


1-5429 


65-359 


11 


1-8104 


90-090 


•54 


1-5390 


64-935 


12 


1-8046 


89-285 


55 


1-5351 


64-516 


13 


1-7988 


88-495 


56 


1-5312 


64-102 


14 


1-7929 


87-719 


57 


1-5273 


63 694 


♦16 


1-7880 


86-956 


58 


1-5234 


63-291 


16 


1-7821 


86-206 


59 


1-5195 


62-893 


17 


1-7744 


85-470 


60 


1-5156 


62 500 


18 


1-7666 


84-745 


61 


1-5117 . 


62-111 


19 


1-7588 


84-033 


»62 


1-5078 


61-728 


20 


1-7510 


83-333 


63 


1-5039 


61-349 


*21 


1-7431 


82-644 


64 


1-5000 


60-975 


22 


1-7353 


81-967 


65 


1-4960 


60-606 


23 


1-7275 


81-300 


66 


1-4921 


60-240 


24 


1-7207 


80-645 


67 


1-4882 


59-880 


25 


1-7138 


80-000 


68 


1-4843 


59-523 


26 


1-7070 


79-365 


69 


1-4804 


59-171 


*27 


1-7002 


78-740 


♦70 


1-4765 


58-823 


28 


1-6933 


76-125 


71 


1-4726 


58-481 


29 


1-6865 


77-519 


72 


1-4687 


58-139 


30 


16796 


76-923 


73 


1-4648 


57-803 


31 


1-6728 


76-335 


74 


1-4609 


57-471 


32 


1-6660 


75-757 


• 75 


1-4570 


57-142 


♦33 


1-6582 


75-187 


76 


1-4531 


56-818 


34 


16523 


74-626 


77 


1-4502 


56-497 


35 


1-6464 


74-074 


♦78 


1-4473 


56179 


36 


i-6406 


73-529 


79 


1-4433 


55-865 


37 


1-6348 


72-992 


80 


1-4395 


55-555 


38 


1-6289 


72-463 


81 


1-4365 


55-248 


39 


1-6230 


71-942 


82 


1-4336 


54-945 


•40 


1-6171 


71-428 


83 


1-4306 


54-644 


41 


1-6113 


70-921 


84 


1-4276 


54-347 


42 


1-6054 


70-422 


85 


1-4257 


54-054 


43 


1-5995 


69-930 


♦86 


1-4218 


53763 
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been differently estimated by different observers, which 
seems to proceed in some d^ree from the considerable 
change in bulk to which the concentrated acid is sub- 
ject by an alteration in temperature. The following 
table contains a few of the experimental results ob- 
tained by Mr. Parkes in an investigation of this 
subject, an extension of which to temperatures aboye 
and below those selected may be found in his ^' Essay 
on Sulphuric Acid." During the experiments the ba- 
rometer stood at 29*5 inches. No correction was made 
for the expansion and contraction of the glass vessel 
in which the acid was contained. 



VAKUTIONS IN DENSITY OF CX)NCENTRATED SULPHUKIC 
ACID, THROUGH CHANGE OF TEMPERATURE. 



FahicnbeiL 


Specific Grarity. i 

1 


Temperature, 
Fahrenheit. 


Specific OraTity. 


30° 


1-8593 


56° 


1-8500 


32 


1-8563 


60 


1-8468 


36 


1-8546 


63 


1-8449 


38 


18532 


68 


1-8435 
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18527 
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1-8430 
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74 


1-8413 


44 


1-8522 


80 


1-8381 


46 


1-8519 


84 


1-8343 


48 


1-8517 






52 


1-8511 







Dr. Dalton observes, that ** it is a mistaken notion, 
that the common sulphuric acid of commerce is of the 
maximum strength, though it is of the maximum den- 
sity nearly. The fact is, acid nearly of the maximum 
strength varies very little in its specific gravity, by 
the addition or subtraction of a small quantity of 
water. The specific gravity ought not, therefore, to 
be the criterion of strength in acids above 70 per 
cent. ; the temperature at which they boil is a much 
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R better criterion, because it admits of a range of 12° or 

Ci5° for one per cent, of acid. Or the strength may 
be found by determining what quantity of water must 
B^ be added to reduce the acid to some known strength, 
5 as that of the glacial acid of 1-78 specific gravity." 
i The following table, constructed by Dr. Dalton, ex- 
hibits the boiling points in degrees of Fahrenheit's 
Bcale of sulphuric acid of different strengths, from 
which the quantity of dry acid contained in a diluted 
add may be estimated. 

BOILING POINTS OP 8ULPHUEIC ACID AT DIFFEEENT 

STRENGTHS. 
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408 


40 


260 
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70 


460 1 


300 


30 


240 




791 


69 


447 1 


200 


20 


324 


1-780 


68 


435 1 


100 


10 


218 



For manufacturing purposes it seldom happens that 
a more delicate test of the strength of sulphuric acid 
is required than that of its density or boiling point. 
The commercial acid, however^ always contains small 
quantities of foreign matters, which may occasionally 
be present in sufficient proportion to increase its spe- 
cific grayity, sufficiently to atfect the hydrometer. 
Thus two and a half per cent, of sulphate of potash. 
a salt generally contained in small quantity in oil of 
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vitriol, increases the specific gravity 0"01. The pre- 1 
sence of saline impurities of this kind may te detected 
by evaporating to dryness a given weiglit of the acid 
in a small platinum capsule, and weighing the fixed 
residue. The ordinary commercial acid generally 
leaves about one part of fixed matters for 250 parts of 
acid. 

The most frequent impurities in the concentrated 
acid are sulphate of lead, arsenious acid, sulphate of 
tin, and nitric acid, nitric oxide or peroxide of ni- 
trogen, j 

The sources of sulphate of lead are obviously the 
leaden chamber, and the leaden evaporating pans, I 
The presence of this substance may be detected with 
facility by diluting the acid with several times its 
volume of water : if present, the acid then becomes 
turbid, sulphate of lead being insoluble in the diluted 
acid. By allowing the sulphate of lead to subside 
from the diluted acid, and decanting and evaporating 
the supernatant liquid, the acid may be obtained quite 
free from this impurity. This method of purification 
cannot be easily practised on the large scale, as it is 
necessary to eficct the concentration entirely in vessels 
of glass or platinum. Sulphuretted hydrogen does not 
precipitate lead from the concentrated acid. 

It rarely happens that sulphuric acid is met with in 
commerce quite free from a trace of arsenious acid. 
That deleterious substance is unfortmiately present in 
considerable quantity in most specimens of the acid 
made from iron pyrites, which is the greatest objection 
to the use of that mineral as a source of sulphur. 
Arsenic is contained in a greater or smaller proportion 
in all varieties of pyrites, and becomes oxidized, by 
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the calcination, into arsenious acid, which, being vo- 
latile at a high temperature, is carried onwards with 
the sulphurous acid. Means are generally adopted, 
however, to condense the arseaious acid ere it reaches 
the chamber, by prolonging the pipe which leads from 
the sulphur burner into the chamber, so as to expose 
it to the cooling influence of the air. But a small 
portion still finds its way into the chamber to conta- 
minate the acid. The acid manufactured from pure 
sulphur, however, also contains a trace of arsenic, 
though so minute as to require an exceedingly delicate 
test for its detection. Its source, in this case, is the 
metal of the chambers, and of the evaporating pans. 
The sheet-lead manufactured for sale in this country 
generally contains a small quantity of arsenic. 

The best means of ascertaining the presence of 
arsenic in the acid is to evolve hydrogen gas from 
the diluted acid by means of a piece of pure zinc, or 
by electro-decomposition, and to observe whether a jet 
of the gas, when inflamed, aflbrds a deposit of metallic 
arsenic on a cold substance, as a porcelain capsule, held 
in the flame. When zinc is used as the means of 
evolving hydrogen, it is essential to have the absence 
of arsenic in the metal previously demonstrated,* 

Most specimens of oil of vitriol contain small traces 
of sulphate of tin, derived from the solder of the 
chambers, which is rapidly corroded by the acid. 
When the concentrated acid is diluted with from two 
to six times its weight of water, and treated with sul- 
phuretted hydrogen, the tin falls as a brown sulphuret, 
mixed usually with the yellow sulphuret of arsenic. 

* For B detailed account of the manner of conducting this operation, 
see Elements of Chemical Analysis, p. 116. 
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Besides the impurities already mentioned, concen- 
trated sulphuric acid often contains a small quantity of 
one oi" the compounds of nitrogen and oxygen, probably 
peroxide of nitrogen in the form of the combination of 
that body with sulphurous acid, the presence of which 
is owing to the acid having been allowed to remain 
too long in the chamber. For some delicate chemical 
experiments, and for a few purposes in the arts, par- 
ticularly the preparation of Saxon blue, commonly 
called sulphate of indigo, the acid must be carefully 
freed from this impurity. The best method of getting 
rid of the compound alluded to, is by diluting the 
concentrated acid with twice its bulk of water, and 
afterwards evaporating in the ordinary manner. The 
compound is then decomposed into nitric oxide which 
escapes as gas, and sulphuric acid. Mr. Blyth re- 
commends that the sulphuric acid used for preparing 
sulphate of indigo should be withdrawn from the cham- 
ber for concentration at a spec. grav. not higher than 
1-300 or 1-350.* 

The most convenient method of freeing sulphuric 
acid, by one operation, from arsenious acid, sulphate 
of lead, and sulphate of tin, is by distillation. Many 
precautions are required in conducting this operation 
in a glass retort, from the violent jerks occasioned by 
the sudden production of vapour ; but these may be 
prevented, to a great extent, by introducing into the 
retort some fragments of glass, or better, a few strips 
of platinum foil. By observing this precaution the 
production of vapour is greatly facilitated, and the 
acid boils quietly. 

» Meeting of Britiah AsBociation, 1843. See it Report of Mr. Blyth 'a 
paper in Ihe AlhencEum, 



I SULPHCBIC iCID. 407 1 

ft The proper test for sulphuric acid, whether free or 1 

P in combination with a base, is barytes. On adding a t 

p solution of any salt of that earth to a solution con- 
ft taining sulphuric acid or a sulphate, a white, heavy 
precipitate of sulphate of barytes is immediately pro' 
duced, which may be distinguished from all other pre- 
cipitates capable of being produced in a solution of , 
barytes by its insolubility in nitric acid and muriatio * 
acids. 

The applications of sulphuric acid are so numerous 
and diversified as to render this article one of the 
moat important of the objects of chemical manufac- | 

ture. The production of many articles of consider- 
able commercial importance is dependent to a greater 
or less extent on this acid, the cost of which exercises 
a great influence on the expense of carrying on some 
of the principal manufactures of this country. By 
far the most important application of sulphuric acid 1 

is the preparation of sulphate of soda from common I 

salt, as the first part of the process for obtaining car- ' 

honate of soda from salt, which is fully described in 
the following article : the muriatic acid disengaged in 
this operation is usually collected and made available 
in the preparation of chloride of lime for the use of ■ 

the cotton bleacher. The cost of sulphuric acid hence I 

influences that of soda and all the articles in the I 

manufacture of which that alkali is employed, such I 

as soap, window-glass, and plate-glass: it also in- ' 

fluences the cost of bleached and printed cottons, and 
all articles in the manufacture of which either mu- 
riatic acid or chlorine is employed. To a smaller 
extent sulphuric acid is used in dyeing and calico- 

^ _...^ J 
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printing, hat-making, in refining silver, in tannings 
in the manufacture of tin-plate, nitric and many other 
acids, blacking, stearine candles, alum, sulphate of 
ammonia, bichromate of potash, sulphate of copper 
or blue vitriol, various pigments, and a great num- 
ber of other important articles of commerce. The 
quantity of oil of vitriol made annually in Great 
Britain is estimated at near sixty thousand tons. 
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THE SODA MANUFACTUEE. 

§ I. Sodium, Caustic Soda, and the Carbonatea of Soda, — II. Barilla 
and Kelp.— HI, Manufecture of Soda&om Common Sail.— IV. Al- 
kalimetry. 

The class of chemical bodies to which soda and 
potash belong is the alkalies, "which are distinguished 
chiefly by their solubility in water, by their power 
of combining with acids and forming neutral saline 
compounds, and by their property of changing in a 
very remarkable manner the colours of certain vege- 
table matters. The word alkali is of Arabic origin, 
and is derived from kali, the name of a vegetable 
species from which soda was formerly extracted ; the 
Arabic particle of perfection al having been prefixed 
to express the superiority of the alkali over the plant 
which afforded it. Excepting the vegetable alkalies 
or alkaloids, such as morphine and quinine, which 
are met with only in vegetables, and are peculiar to 
certain genera, only four proper alkalies are known 
at present, namely, ammonia, potash, soda, and lithia. 
The first of these, being, in its pure state, a gas at 
all common temperatures and pressures, is designated 
the volatile alkali, in contradistinction to the remain- 
ing three, which are the^.rerf alkalies, they not being 
at all volatile at a red heat. Lithia has hitherto been 
found only in a few scarce minerals, and it has re- 
ceived no application in the arts. 
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When an infusion of litmus, which has been red- 
dened by a few drops of an acid solution, is mixed 
with a slight excess of an alkali, the colour of the 
infusion changes to purple or blue; by applying an 
excess of acid to the same infusion, the original red 
colour is restored. In like manner the purple in- 
fusion obtained by macerating red cabbage in hot 
water, and also the infusion of the petals of the red 
rose, become green by the addition of an alkali, and 
crimson by that of an acid. Turmeric and many other 
yellow dyes are rendered brown by an alkali, but the 
original yellow is restored on applying an acid. Al- 
kaline carbonates produce the same effects on vege- 
table colouring matters as the caustic or pure al- 
kalies. 

A class of bodies distinguished as eUkaline earths^ 
to which belong lime and barytes, act on such colour- 
ing matters in precisely the same manner as alkalies, 
which they also resemble in some other respects. 
The distinction between an alkali and an alkaline 
earth is founded merely on the solubility or inso- 
lubility of the carbonate of the base in water; the 
carbonate of an alkali proper being soluble, and that 
of an alkaline earth insoluble.* 



§ I. SODIUM, CAUSTIC SODA, AND THE CARBONATES OF 

SODA. 

Sodium, the metallic basis of soda, was first ob- 
tained by Sir H. Dary, in 1807, by subjecting moist- 

• In like manner, the distinction between an alkaline earth and aD 
earth proper, as alumina, is founded on the solubility or insolubility of 
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ened hydrate of soda to voltaic decompositioD, when 
the oxygen both of the water and the soda were 
liberated at the positive pole, and the sodium of the 
latter at the negative pole. A more advantageous 
method of procuring this metal has since been de- 
vised, which consists in strongly heating in an iron 
distillatory apparatus an intimate mixture of car- 
bonate of soda and charcoal. The oxygen of the 
Boda unites with the charcoal; while the liberated 
sodium, being volatile at a red heat, rises in vapour 
and is condensed in the receiver, which should con- 
tain rectified naphtha or petroleum to preserve the 
sodium from oxidation by the air.* 

Sodium has considerable lustre, and in colour is 
very similar to silver. Its specific gravity, accord- 
ing to Gay-Lussac and Thenard, is 0'972 at 59°. 
At common temperatures, it is sufficiently soft to be 
reduced to thin leaves by the pressure of the fingers. 
It is lic^uid at 200°, but does not rise freely in va- 
pour under a bright red heat. It presently becomes 
tarnished on exposure to the air, owing to the for- 
mation of a crust of soda; and takes fire and emits 



the base itself ; alkaline earths are more di less soluble, but earths pn^ei 
ate quite insoluble. 

* For a descriptioD of the proper appumtUB for preparing the metBllto 
bases of the fixed alkalies, see Graham's " Elements of Chemistry," 
p. 440. 

The following mode of obtaining sodiura is recommended by M. 
Sohcedier. Three pounds of eommcrciai acetnte of soda are ignited, the 
6ee access of air being avoided ; and the residue of carbonate of soda and 
cliarcual, which weighs about one pound, is mixed with a quarter of a 
pound of finely powdered eharcoal and half a pound of churcoal in a 
coarser state, to prevent fusion of the mass. The mixture, when heated 
in the usual manner in one of the iron bottles in which mercury is im- 
ported, should yield between four and fire ounces of pure sodium. 
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brilliant scintillations when heated nearly to redness. 
When thrown on water, it oxidates with great yi- 
vacity; hydrogen gas is disengaged, and an alka- 
line solution of soda formed: on cold water it does 
not inflame as potassium does, but on hot water it 
scintillates and sometimes takes fire. If moistened 
with only a few drops of cold water, it becomes saf- 
ficiently hot to inflame. 

The conmionly received equivalent of sodium is 
23*3. Its symbol is Na (from natrium). Sodium 
forms at least two compounds with oxygen; one of 
which, the basis of common soda, contains one equi- 
valent of metal to one of oxygen ; the other oxide is 
a peroxide, possessing neither acid nor alkaline pro- 
perties, composed of two equivalents of sodium to 
three equivalents of oxygen. The peroxide is decom- 
posed by contact with water into soda and oxygen 
gas. 

Soda. — Pure soda, free from water, can only be 
obtained by the combustion of pure sodium in dry 
air or oxygen gas. The solid residue of the evapo- 
ration of a solution of caustic soda (soda ley), retains 
one equivalent of water to one equivalent of soda, 
even when heated to redness. 

Anhydrous soda is a grey solid, of difficult fusi- 
bility, having a very powerful affinity for water. 
The hydrate is white and brittle, very caustic, pos- 
sessed of powerful alkaline properties, easily fused by 
heat, and readily dissolved by water and alcohol. 
Its specific gravity is 1*536. At a very elevated 
temperature it is dissipated as a vapour. A solution 
of caustic soda dissolves wool, hair, the skin, and most 
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animal matters; tallow and other unctuous matters, 
■with the formation of soaps ; sulphur and some me- 
tallic sulphuret3 ; silica, alumina, and several metallic 
oxides quite insoluble in water. 

Solution of caustic soda is always prepared by de- 
composing carbonate of soda by means of caustic lime 
in the presence of water. The lime then unites with 
the carbonic acid of the alkaline carbonate to form 
carbonate of lime, and alkali is left in a state of 
causticity,* 

In preparing soda leys on an extensive scale, where 
absolute purity is not essential, as in the soap ma- 
nufacture, the mixture of lime and cai'bonate of soda 
or soda-ash is placed in large cast-iron vats and 
covered with water, and after some hours, the ley 
is withdrawn through a plug at the bottom of the 
vat, and either fresh water or a weak ley introduced 
at top, (See the description of the mode of pre- 
paring soda leys for the soap manufacture in the 
article on Soap, p. 300.) 

A much purer ley may be prepared by boiling in 
a clean iron pot a solution of two parts of crystallized 
carbonate of soda in eight or ten parts of water, with 
about one part of hydrate of lime, until a little of the 
liquid from which the insoluble carbonate of lime has 
been separated by subsidence and decantation ceases 
to effervesce when saturated by an acid. The pot 
may then be removed from the fire, carefully covered 
to prevent the ley from absorbing carbonic acid from 
the air ; and when the insoluble carbonate of lime and 

* The power otlimc to decompose nlkuline carlionates is perceived on 
mixing elear lime-water with a clear solution of carbonate of Boda or 
potnah, when an iraineiiiale preeipilation of carbonate of lime appears. 
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the excess of hydrate of lime have subsided, the clear 
ley may be decanted into stoppered vessels for nae, 
or be evaporated in an iron or silver vessel until it 
assumes an oily appeajance, and then be poured upon 
an iron or stone slab oi' into iron moulds to solidi^. 
The access of air should be avoided as much as pos- 
sible during the concentration of the ley. 

The solution of soda made as above from soda-ash 
13 contaminated with common salt and sulphate of 
soda, both of which may be separated by concen- 
trating the solution considerably, these salts being 
insoluble in a strong solution of soda. 

The following table, founded on the experiments of 
Eichtcr, exhibits the proportion of hydrate of' soda 
and of dry caustic soda contained in leys at different 
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Carbonate of soda. — The common mode of manu- 
lwi^(uring this useful salt for commercial purposes forms 
^ subject of another section of the present article. Its 
'WMWi^e*! history may he conveniently considered here. 
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The soda crystals (commoii soda) of commerce are 
crystallized carbonate of soda nearly pure, the only 
foreign matters being about one half per cent, of sul- 
phate of soda (Dr. Thomson), and an almost inap- 
preciable trace of iron. The crystals, when formed 
near the common temperature, are composed of one 
equivalent of the dry carbonate and ten equivalents 
of water, or, in 100 parts, of 21-81 soda, 15*43 car- 
bonic acid, and 62'76 water. When exposed to the 
air, they fall to powder, and at the same time lose a 
portion of their water of crystallization. According 
to Dr. Thomson, 100 parts of water dissolve 20-64 
parts of the crystals at 58°.25, and more than an 
equal weight at the boiling temperature : the solution 
has a strong alkaline taste and reaction. When mo- 
derately heated, the crystallized carbonate undergoes 
the watery fusion ; the whole of its water is soon 
expelled, and the anhydrous carbonate remains as a 
white pulverulent mass, which again becomes liquid 
aa the heat is increased to redness (then undergoing 
the igneous fusion), without parting with any por- 
tion of its carbonic acid. 

The crystals of carbonate of soda formed at a tem- 
perature about 80° contain seven equivalents of water 
instead of ten, and are not efflorescent. The crystals 
deposited on the cooling of a solution saturated be- 
tween 68° and 86° have been found to contain 17*74 
per cent, of water, which nearly corresponds to one 
equivalent and a quarter. The pidverulent salt pre- 
cipitated on evaporating a solution of carbonate of 
soda at the boiling point contains about the same 
proportion of water. 

The soda-ash of commerce is dry carbonate of soda, 
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contaminated with variable quantities of common 
salt and sulphate of soda, and sometimes with sul- 
phuret of sodium, carbonate of lime, and iron in a 
soluble state, probably as sulphuret in combination 
with sulphuret of sodium. A process for determining 
the proportion of real alkali will be afterwards de- 
scribed. 

A ready means of detecting the presence of caustic 
soda in the soda-ash of commerce is occasionally of 
some importance in the chemical arts. A convenient 
test for this purpose is a solution of nitrate of silver, 
which gives a tvhite precipitate with a solution of an 
alkaline carbonate containing no caustic alkali, but 
a brown precipitate with a caustic alkali, or a mix- 
ture of a caustic and carbonated alkali. 

Carbonate of soda is frequently found as an ef- 
florescence in delicate needles upon damp walls, being 
probably produced by the action of the lime in the 
mortar on common salt. An intimate mixture of 
caustic lime and common salt, kept in a moist state 
and exposed to the air, also yields, after a long time, 
a slight efflorescence of carbonate of soda, but the 
action is too slow to allow of such a process being 
made available in the manufacture of the carbonate. 

Sesquicarbonate of soda. — This salt, which is a 
natural product, and hence sometimes called mineral 
soda, is intermediate in composition between the 
carbonate and bicarbonate of soda, being composed 
of two equivalents of soda and three of carbonic acid, 
with three equivalents of water (M. Hermann). It 
is less soluble in water than the carbonate, and more 
soluble than the bicarbonate, and does not effloresce 
on exposure to the air. At the soda lakes in the 




.^J 



I province ■ 



CARBONATES OF SODA. 417 

province of Sukena in Africa, this salt forms a 
striated ci-ystaliine stratum, just below the surface. 
From these lakes several hundred tons are collected 
ft annually in the dry season, chiefly for consumption 
I in Africa ; hut some is exported to Europe, and sold 
under the name of trona. Hungary, Mexico, and 
Columbia also possess productive soda lakes.* 

Bicarbonate of soda. — This salt is prepared, on 
the large scale, by exposing pounded soda crystals, or 
else an intimate mixture of four parts of effloresced 
carbonate and one part of crystallized carbonate, to 
an atmosphere of carbonic acid gas ; and not, aa com- 
monly stated, by transmitting a stream of carbonic 
acid gas through a saturated solution of the neutral 
carbonate. The carbonic acid may be derived by the 
decomposition of chalk by sulphiiric or muriatic acid, 
or from a liquor undergoing the vinous fermentation. 
The latter method may be advantageously practised 
in distilleries, where a great quantity of liquor ia 
kept in a fermenting state for a considerable time. 
With proper precautions a charcoal fire might be 

* According ta M. Hermann, the sesquicai'lianate uf soda cannot be 
prepared pure by erystalliiatmn ftom an ai^uoous solution ; as it decom- 
poses when in eoluCion into the bicarbonate and carbonate of soda, which 
crystallize apart. Wlion h concentrated solution of bicarbonute of soda 
ia evaporated quickly, so bb to avoid the dissipation of the whole of the 
secoad equivalent of carbonic acid ; when the bicarbonate and crysto]' 
lized carbonate a e m'xed 'a single equivalent proportions, and the mix- 
ture is made to und go he watery Alston ; and lastly, when the bicarbo- 
nate of soda a poaed o eat, the temp-eraturc not being allowed to ex- 
ceed 482° Fah p oducts a e obtained which consist, for the moat part, 
of the sefiqu ca bona e If hese masaeB are exposed for a few weeks to 
a liumid a mosph e j assume a perfectly crystalliicd structure, and 
tlieir cavities and fissu es become lined with groups of crystals, which 
are pure c js all d scfiqui carbonate of soda. (Chemical Gaietle, 
No. VI.) 

VOL. 11. 2 E 
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made arailable as the source of carbonic acid. The 
soda which remains in the state of neatral cacboiute 
may be removed by washing the mixtnre with cold 
water.* 

Bicarbonate of soda has an alkaline reaction, al- 
though it contains two proportions of carbonic acid 
to one of soda. Its taste is much milder, however, 
than that of the neutral carbonate, being scarcely 
perceptible when mixed with a little common salt. 
It dissolves in about ten times its weight of water at 
^ 60°. At the boiling temperature, it slowly disengages 
carbonic acid gas, becoming at length reduced, ac- 
cording to Rose, to the neutral carbonate. When 
pure, it contains in lOO parts, 37 (1 eq.) soda, 52'3 
(2 eqs.) carbonic acid, and 10-7 (1 eq.) water. As 
met with in commerce, it generally contains more than 
40 per cent, of soda, owing to the presence of neu- 
tral carbonate of soda with 1 eq. or Ij eq. of water 
of crystallization. The presence of the neutral car- 
bonate may be detected by the formation of a pre- 
cipitate, when the solution of the suspected bicar- 
Kinate is mixed with a solution of sulphate of mag- 
nesia: pure bicarbonates of the alkalies produce no 
precipitate, in the cold, with solutions of salts of 

* The npidity with which 'effloresced carbonate of soda abEoibs cn- 
iKMtk Mid goa h said to be considerably increased b^ mixing with the 
Qubuuttle, recently calcined and powdered, charcoal made from soft 
wvu4i which possesses the power of condensing gases within its pores to 
Ui ^Iraunlinary extent. The mixture, which may be made in the pro- 
|M(tiuu of two parts of effloresced carbonate and one part of charcoal, is 
uisistcitiHl, expoGed to (be gas for twenty-four hours, then taken out, 
puHrJwwl Uld moistened, and again exposed to the gas. These opera- 
llvua haviUjE been twice repeated, the mass is mixed with eight parts of 
hiti wawr, the solulioo is filtered while hot, and left for the bicarbonate 
to wjnuJliw (M. Artus, Chemical Gazette, No. XIV). 
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magnesia; but if heat is applied, carbonate 
' neaia is precipitated. The alkaline carbonate con- 
tained in mineral waters, such as those of Seltzer, 
Carlsbad, and the Azores, is chiefly bicarbonate 



§ U. BAItlLLA AND KELP. 

Until within the last twenty years nearly all the 
soda required for purposes of commerce was obtained 
by incinerating marine plants. The residuary ash pre- 
pared on the Mediterranean shores and other warm 
climates, where the plants chiefly operated on are the 
salsola soda and the salicorma herhacea, is barilla ; 
that prepared on the coasts of Ireland and the western 
coasts and islands of Scotland from the fucits vesi- 
culosus and other species of fuci, is kelp, which is 
considerably inferior to barilla in value. 

Barilla, of good quality, contains about one-fifth 
of its weight of soda, in the state of carbonate; 
the remainder being sulphate of soda, chloride of so- 
dium, earthy and carbonaceous matters, and a little 
sulphuret of sodium and sulphite of soda. The best 
barilla is that brought from Alicant, in the neigh- 
bourhood of which place it was formerly prepared in 
great quantities from the salsola soda, which is cul- 
tivated for this purpose on the eastern shores of 
Spain. The plants are raised from seed (the expor- 
tation of which is said to be punishable with death) 
sown at the close of the year, and are in a fit state 
to be gathered in the month of September following. 
After having been dried in heaps, their seeds are 
rubbed out, and the rest of the plants is burned in 
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fornaces, at a temperature sufficient to bring the ftsh 
into a state of semi-fusion. When cold, the ash forms 
a hard, dry, spongy mass of a blueish-grey colour. 

The quantity of barilla retained for home consump- 
tion in the United Kingdom, on the average of the 
five years ending with 1834, amounted to 12,600 
tons ; at present, however, the importation of barilla 
into this country is almost discontinued, in consequence 
of the extensive scale on which the manufacture of soda 
from common salt is now carried on. Tlie duty on 
barilla was reduced in 1822 from lis. 4rf. to Ss. 
Gd. per cwt., in 1831 to 2s. per cwt., and in 1842 
to 3d. per cwt. 

The manufacture of kelp has long beeu can-ied on 
on the north and west coasts of Ireland, from whence 
it was introduced, about the middle of last century, 
to the western shores and islands of Scotland. Dur- 
ing the imposition of the high duties on barilla and 
common salt, to meet the exigencies of the late war, 
the kelp manufacture afforded very considerable re- 
venues to the proprietors of the Scottish shores ; the 
annual rental of the kelp-shores of the island of North 
Uist alone amounted to 7000/., and at one period 
the entire quantity of kelp produced in Scotland and 
its adjacent islands was estimated at more than 
twenty-five thousand tons annually. The price of 
the kelp was sometimes so high as twenty pounds per 
ton, but the average price during twenty-two years 
ending with 1822, was ten giiineas. The repeal of 
the duty on salt, which has allowed the manufacture 
of soda from that source, has put an almost entire 
stop to the kelp manufacture; and hence shores that 
formerly afforded their proprietors an aunual rental 
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of four or five hundred ponnds are now all but value- 
less. 

The composition of kelp is very variable, not only 
as regards the proportion of carbonate of soda, but of 
the other constituents ; hence the uncertainty which 
attended its employment in some of the chemical 
arts, particularly in the manufacture of crown-glass. 
The proportion of pure carbonate of soda varies from 
two to seven per cent.; the other constituents soluble 
in water are common salt, chloride of potassium, sul- 
phate of soda, sulphuret of sodium, and traces of 
iodide of sodium. The insoluble matters, which 
usually form about one-half the weight of the kelp, 
consist chiefly of carbonate of lime, alumina, silica, 
and sulphate of lime. The proportion of alkaline 
carbonate may be increased to some extent by con- 
ducting the incineration at a higher temperature than 
usual ; but kelp is now valued more for its chloride 
of potassium and traces of iodine than for its alkaline 
carbonate, and a high temperature is attended with 
the loss of the iodide of sodium, in consequence of its 
volatility.* 

* To separate the iodine anil chloiiiJc of potassium, the broken kelp 
is lixiviated with water, and tlie solution if evaporated in an open pan. 
When the solntion is couceutroteil to a certain point, it begins to deposit, 
while boiling, its common salt, carbonate of soda, and sulphate of soda, 
which are removed on aperforated shovel, and the liquid is run into ashal- 
luwpanto cool, where it deposits crystals of chloride of potassium. The 
mother-liquor is subjected to a repetition of these operations to obtain 
more crystals ; and the last mother-liquor, which is a dense dark-coloured 
liquid, containing nearly the whole of the iodide of sodium, is alone em- 
ployed in the preparation of iodine. For this purpose, it is merely 
heated in a peculiar distillatory appamtos with sulphuric acid and black 
oxide of manganese, or else witli sulphuric acid only. A detailed ac- 
cooDt of thia process is contained in I'rufeesor Graham's " Elements of 
Cbemiatry," p. 364. 
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§ III. HANUFACTURE OP SODA FKOM C0MM09 SALT. 

The common process for obtaining soda lij the de- 
composition of seansalt, which is scaicefy second m 
importance to any manufacturing process at pfesent 
practised, was invented by M. Leblanc, a French 
chemist, towards the close of last centory. The sop- 
ply of Spanish barilla being cut off from Franee 
during the cessation of the commercial intercoorse 
between France and Spain at the time of the French 
Revolution, the National Convention made an tLjfp&l 
to the chemists of France to devise a process in which 
common salt might be made available as a source of 
soda. Of all the processes communicated to the com- 
mittee entrusted with the examination of the various 
proposals, the only one deemed likely to be advan- 
tageous was that of Leblanc, which was precisely the 
same in principle as the soda process now practised 
on a prodigious scale, both in this country and in 
France. The first establishment for prosecuting this 
manufacture was erected in 1804 at Saint-Denis, by 
Leblanc, with funds afforded him by the Sociiti 
(T Encouragement. The British Government gave 
Leblanc a handsome reward for his invention; but 
he was neglected by the Government of his own 
country, and after having expended his whole pro- 
perty in bringing his process to perfection, at last 
died in a hospital* (M. Girardin). , 

The enormous duty on salt, to the amount of fif- 
teen shillings per bushel, or about thirty times the 

* It is said that statues of M. Leblanc have been erected at Greece 
and Rome. 
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cost of the salt, with which this country was taxed 
from 1805 until 1823, effectually prevented the ge- 
neral introduction, during that period, of the soda 
process of Leblanc. But siuce the entire repeal of 
the salt duty, or rather within the last fourteen or 
sixteen years, the soda manufacture has experienced 
a wonderful developement in this country : the kelp of 
Scotland is now valueless as a source of soda; ba- 
rilla is an article almost unknown in our markets; 
and the united quantity of soda-ash and soda crystals 
annually manufactured from salt probably exceeds 
seven times the greatest importation of barilla ever 
made in one year. 

The materials used in the soda manufacture are 
common salt, sulphuric acid, small coal or slack, 
chalk or broken limestone, and charcoal. 

Common or sea salt, sometimes improperly desig- 
nated mui'iate of soda, is a combination of two ele- 
mentary substances, chlorine and sodium, in the pro- 
portion of 1 eq. (35 parts by weight) of the former, 
and 1 eq. (23 parts) of the latter. Its proper de- 
signation is therefore chloride of sodium. It con- 
tains no water of crystallization, and may be ob- 
tained in its ordinary state by exposing sodium to 
chlorine gas, when the metal takes fire spontaneously. 
Chloride of sodium is also formed in a state of purity 
when hydrochloric or muriatic acid is neutralized 
with soda or its carbonate ; ia which case the hydro- 
gen of the hydrochloric acid unites with the oxygen of 
the soda, and the chloiine of the acid with the sodium.* 

* The most important chaiacters and propertiuB of comman ebU &re 
the following. It crystalluea from iU sdution in water in cubes, and 
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The great sources of common salt are two, either 
of which is inexhaustible : the sea, and the beds of 
rock-salt or sal-gem. Sea-water contains nearly 3 per 
cent, of common salt, which is by far the most con- 
siderable of its saline constituents. Salt is obtained 
from this source, in warm climates, by spontaneons 
evaporation; the water being contained in shallow 
basins, called brine-pits, excavated along the sea- 
shore: but in cooler climates the evaporation is as- 
sisted by heat artificially applied. The uncrystal- 
lizable mother-liquor, or bittern, obtained in this 
process is valued just as highly as the salt, on ac- 
count of its containing a considerable quantity of 
chloride of magnesium, which is made available in 
the preparation of Epsom salts and carbonate of 
magnesia. The most advantageous sources of salt 



fitim urine and liquids containing pliosphates in regular □etohcdra. 
When ita Bolutian is evaporated rapidly, it crptftllizcB in hollow four- 
aided pyramids on the surface of the saline solution ; the apex, wliich is 
B single cubical crystaJ, being downwards. The sides of the pyramid 
conaial of lines of small cubes deposited successively on the upper edges 
of the floating crystftl. Wlicn a saturated solution is cooled down to n 
tempemture between 14° and 0° Faiir., Ilio sail cryatalliios in hexagonal 
tables, containing, according to Fuchs, six equivalents of water. Wlieti 
these crystals ate allowed to rise in tcroperature above 14°, ihej undergo 
deconipoailion, part witli water, and become converted into a congeries 
of minute cubes. When heated, crystals of common salt decrepitate, 
liom the expansion (if water confined between tlieir plalcs ; at a bright 
red heat they enter into a state ef fusion, and at a higher temperature 
rise in vapour. Some kinds of rock salt do not decrepitate. It is re- 
markable that pure eoramon salt has exactly tlie same degree of solubility 
in hot and cold water ; according to Fuchs, 100 parts of water dissolve 37 
parts of pure salt at all temperatures ; but salt contaminated with chlo- 
ride of magnesium is more soluble. It is nearly insoluble in absolute 
alcohol, but dissolves easily in rectiiied spirits. It deliquesces slightly 
in a damp atmosphere, but not when the air contains no mure than its 
ordinary proportion of aqueous lujirjur. 
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in tliis country are the beds of rock-salt and the salt- 
springs in Cheshire, Worcestershire, and Staffordshire. 
Rock-salt is sometimes met with perfectly colourless 
and transparent, and sufficiently pure for all the or- 
dinary uses of salt; but it usually has a reddish- 
brown colour, due to the presence of clay, from which 
it may be freed by solution in water, subsidence, and 
decantation (or filtration), a.nd evaporation of the 
clear solution. Instead of mining the salt in the 
usual manner, water is frequently admitted to the 
bed of salt through a bore from the surface ; and the 
brine thus formed is drawn off by means of a pump 
and a copper pipe of a few inches in diameter, sus- 
pended in the bore. The earthy impurities are se- 
parated from the brine by subsidence and decantation, 
or by filtration, and the clear solution is evaporated 
to obtain crystals. The salt prepared from either 
of these sources is never perfectly pure ; but the im- 
purities, which are chiefly sulphate of lime, chloride of 
magnesium, and sulphate of magnesia, seldom amount 
to as much as two per cent. The quantity of com- 
mon salt at present consumed in the alkali works of 
this country is estimated to fall little short of seventy 
thousand tons per annum. 

The first branch of the soda manufacture consists 
in the conversion of common salt into sulphate of soda 
by the application of sulphuric acid. This is effected 
in a reverberatory furnace, technically called the " de- 
composing furnace." Some furnaces of this kind have 
two compartments, in one of which is conducted the 
evaporation of the liquid, and in the other, the calci- 
nation of the residuary sulphate ; but in many " de- 
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composing fiimaces," the evaporation and calcination 

p. ^ are effected in the same 

division. Fig. 43 re- 
presents a perpendicu- 
lar section of a Aimace 
of the first kind; a is 
called the " decompos- 
ing bed," and h the "roasting bed:" in a the salt 
and sulphuric acid are mixed, and the solution 
evaporated, until the residuary sulphate has a pasty 
consistence; in h the desiccation of the sulphate is 
completed: c is the fire-place, d the ash-pit, and 
e the flue, which communicates with a tall draught 
chimney. In some alkali works a rectangular leaden 
pan, of from five to eight inches in depth, is placed 
upon the decomposing bed a, to receive the salt 
and sulphuric acid ; the part of the side of the pan 
opposed to the small opening for withdrawing the pasty 
sulphate is sloped outwards a little, to form a kind of 
spout, and the aperture is closed, during the opera- 
tion, by bricks, luted with clay. In general, however, 
the salt and sulphuric acid are laid directly upon the 
decomposing bed, which is made water-tight with 
cement. 

A fire having been kindled in c, and the proper 
quantity of salt introduced (which may vary from two 
or three hundred-weight to half a ton, according to 
the size of the furnace), an equal weight of sulphuric 
acid of sp. gr. 120° Twaddell ( 1*600) is poured upon 
the salt through an aperture in the roof of the fur- 
nace, closed at other times with a leaden plug ; or the 
acid may be conveniently introduced through fixed 
siphon funnels made of lead. When the acid and 
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salt are mixed in the above proportion, which is I 
believe the most common, the salt is in considerable 
excess, as six parts of pure salt require for complete 
decomposition exactly seven parts, by weight, of sul- 
phuric acid of 12U° Tw. Some soda manufacturers 
employ a stronger, and others a weaker acid than the 
above ; the proportion of acid being varied accordingly, 
so as to have a constant proportion of real acid : the 
extremes should not exceed 140° Tw. (1*700) on the 
one side, and 110° Tw. (1-550) on the other. The 
acid should be poured in upon the salt slowly, and the 
mixture be equalized, by stirring with an iron rake 
coated with sheet-lead. 

As soon as the acid and salt are placed in contact, 
abundant fumes of muriatic or hydrochloric acid are 
disengaged from the mixture, and conveyed through 
the flue either directly up the chimney, and suffered 
to go to waste, or else through a condenser contaiuing 
water, for the purpose of procuring the acid in the 
form of liquid muriatic acid, or the spirits of salt of 
commerce, which is a concentrated aqueous solution 
of the acid. The evolution of muriatic acid continues 
until the sulphate is perfectly dry. 

The reaction which takes place between sulphuric 
acid and common salt may be easily understood with 
the assistance of the annexed diagram : for simplicity, 
the acid is supposed to be strong oil of vitriol, that is, 
sulphuric acid, containing only one equivalent of 
water. 
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KEACTION OF OIL OF VITfilOL ON COMMON SALT 
(CULOEIDE OF SODIUM). 



Before ilccomputtjcioi 

flS-3 cliloride ( 35 chlorine- 

ofEoaiuin ( S3'3 Boclttii 
48 oil of ri- f i •'^'''■8' 



After di^conipOjiLtioo. 
6 hyilrocUoric msH. 



'-Tl'S sulphate ofBoda. 



From which it appears, that 58-3 parts of common 
salt should afford, when sufficient sulphuric acid is 
employed, 71-3 parts of dry sulphate of soda. But 
80 large a quantity of the sulphate is rarely, if ever, 
ohtained on the large s-cale ; because the acid is not 
applied in sufficient quantity to decompose the whole 
of the salt. An excess of salt, however, is a much 
smaller inconvenience than an excess of sulphuric 
acid. 

To effijct the condensation of the muriatic acid gas 
evolved from the mixture of salt and sulphuric acid, 
the curreot of gaseous acid and smoke is hrought into 
contact with a gentle stream of water flowing in the 
opposite direction, over an extensive surface. For 
this purpose, the chimney into which the flue e leads 
may be tilled witii rounded flints, kept constantly wet 
by a small stream of water from the top; a pipe being 
placed at the hottom of the chimney to conduct the 
liquid into a subterranean reservoir. The condensa- 
tion of the acid may be more conveniently efiected by 
conducting the fumes into a conJenser, consisting of 
a series of upright channels, or flues, in which the 
fumes alternately ascend and descend. Water is al- 
lowed to fall into these channels from above, and be 
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distributed over boards placed obliquely, or any other 
convenient surface ; or the water may be admitted at 
bottom, in the form of a fountain, supplied from a re- 
servoir on the top of the condenser. If the pipes for 
conveying the water from the reservoir to the bottom 
of the condenser are placed within the condenser, they 
should be made of glazed earthenware. A condenser 
of this kind was made the subject of a patent by JVIr. 
Lawrence Rowe, in 1839. 

As the transmission of the current of acid fumes 
and smoke through a condenser materially interferes 
with the draught, an arrangement is adopted at some 
alkali works for conveying the acid fumes into a con- 
denser apart from the smoke. With this view the 
sulphuric acid and salt are sometimes mixed in a 
shallow iron basin, supported over a fire-place, and 
surmounted by a dome of hrick-work, from the top of 
which proceeds a pipe to conduct the muriatic acid 
to a condenser. At the bottom of the brick dome is 
an opening through which the materials are intro- 
duced , and at the bottom of the iron basin is another 
opening for the extraction of the residuary sulphate 
of soda. Fig. 44 repre- 
sents the perpendicular 
section of a single-bed- 
ded decomposing fur- 
nace, so constructed as 
to prevent the inter- 
mixture of the muriatic acid with the smoke : a a 
is the decomposing bed; the salt and sulphuric acid 
are introduced through a door at one side, and the 
muriatic acid is led into a condenser by a pipe 
proceeding from the other side: the smoke passes 



Fiff. 44. 
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into a chimney through the arched flue b b, the 
bottom of which is as wide as the decomposing bed. 
The floe is separated from the decomposing bed by 
cast-iron plates and slate stones snpported by iron 
bearers. 

As the consumption of muriatic acid bears a small 
proportion to that of soda, many alkali manufacturers 
consider it to be to their advantage to allow the acid 
vapours to escape entirely, the inconveniences which 
attend the condensation of the acid being of greatei- 
consequence than the value of the liquid acid. Some 
means of condensation, however, should always be 
applied where the works are situated in or near a 
cultivated district ; as the acid vapours, if allowed to 
escape into the air, never fail to sterilize the sur- 
rounding vegetation. In many places, the vapours 
might easily be conveyed to a vault through which a 
current of water might be conducted to a neighbouring 
river. To carry off the smoke and uncondensed 
gases, and to maintain a proper draught in the fur- 
naces, a chimney might be erected over the farther 
end of the vault, provided no ingress is allowed for 
air except through the furnaces. 

As soon as tlie fumes disengaged from the mixture 
of sulphuric acid and salt cease to be very copious, 
and the mixture attains a pasty consistence, which 
generally happens in about two hours from the time 
of charging, the mass is pushed out of the decom- 
posing bed, through the opening at the back of the 
furnace, into a place supplied with a dome or chimney 
for the purpose of carrying off the acid vapours, 
which would suffocate the workmen if diffiised into the 
air. The fire in the furnace having been checked a 
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little, another charge is iMmdaeed iMto tbe deoo^ 

posing bed in the same i 
the product of the first tiarffi, I7 ti 
cooled, is shorelled into the " roasting bed," b, fig. 43. 
There the solpb&te is exposed to a mach higher d^ree 
of heat, which serves, in an hoiir or so, to dissipate all 
traces of muriatic acid. When it has ceased to emit 
acid fhmes, and has changed from a ydlowi^ colour 
to white, it may be raked oat of the fomace to maike 
room for another charge. The dry sulphate is tech- 
nically known by the name of " salt cake." 

Several other methods of procoriDg sulphate of soda 
for the alkali manufactnre hare been proposed, bat 
neither of them has yet come into successful compe- 
tition with the above. Sulphate of iron (copperas), 
vrhich may be obtained at a very moderate expense by 
tbe oxidation of iron pyrites, may be made available 
in the conversion of common salt into sulphate of 
soda, in two ways : 

1°. By calcining at a red heat an intimate 
mixture of the two salts (in the proportion of single 
equivalents) in a reverberatory furnace, when the 
volatile perehloride of iron is disengaged, and a mix- 
ture of sulphate of soda and peroxide of iron left as a 
residue, from which the sulphate may be separated by 
water. This mode of procuring sulphate of soda has 
long been proposed, but a few years since it was made 
one of the subjects of a patent for this country. 

2°. By dissolving copperas and salt together in 
water, when a double decomposition takes place, with 
formation of sulphate of soda and chloride of iron. 
The former may be obtained in hydrated crystals by 
exposing the solution to a low temperature ; or in tite 
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anhydrous state, as an opaque precipitate, by ceoeat 
tratiog the solution at the boiling point.* In dtfaer 
case the chloride of iron remains in the mother- 
liquor. 

Common salt has also been oonrerted into sulphate 
of soda by the agency of sulphate of magnesia. When 
these two salts are mixed in solution^ a double de- 
composition takes place, and sulphate of soda may be 
separated from the liquor, either by exposure to cold, 
or by concentration at the boiling point. Chloride of 
magnesium remains in the mother-liquor. 

Another method is by the calcination of a mixture 
of common salt and finely-powdered pyrites- One 
hundred parts of pyrites are mixed with forty parts (si 
common salt, and roasted in a proper furnace for 
sixty hours ; the brownish-red mass which results is 
lixiviated in water, and the solution evaporated to 
afibrd crystals. The product consists of about forty- 
five parts of crystallized sulphate, which correspond 
to about twenty parts of dry sulphate. The addition 
of carbonaceous matter is said to accelerate the pro- 
cess, and increase the product. (Brando's Manual.) 

The sulphate of soda being obtained, the next step 
in the process consists in calcining it with chalk or 
broken limestone, and small coal. 

The furnace in which this operation is conducted 
is called the " fluxing" or " black ash furnace." It 
is quite similar to a common reverberatory ; but its 

* Sulphate of soda is considerably less soluble in water at the boiling 
point than at some degrees below : at the temperature 91° Fahr., 100 
parts of water dissolve 60*65 parts of the anhydrous sulphate, but at the 
boiling temperature only 42*65 parts. 
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floor is divided into two parts, one of which, the 
farthest from the fire, is four or five inches higher 
than the other. The annexed figure is a horizontal i 

Fig, 4S. 




section, or ground -plan, of a furnace of this kind : a 
is called the " preparatory bed," because the cold ma- 
terials are first placed tliere, and thoroughly heated, 
to aToid cooling the furnace, when the mass is after- 
wards placed on 6, which is called the " fluxing bed." 
The preparatory bed and fluxing bed have each a 
door-way in the side of the furnace, and a small peep- 
hole through the door to view the progress of the 
operation. The usual length of black-ash furnaces is 
from eighteen to twenty feet, and the breadth from 
eight to ten feet. The "fluxing bed" sinks towards 
the centre to the depth of one inch and a half. 

The proportions in which the mixture of sulphate 
of soda, limestone or chalk, and coal is made, are 
varied at different works ; but the success of the ope- 
ration is influenced to a considerable extent by the 
exactness observed in the ratio. In an extensive 
alkali work at St. Helen's in Lancashire, the propor- 
tions taken are thirteen parts of salt cake, nine and 
a half parts of coal, and fourteen parts of limestone. 
Dr. Cre recommends ten parts of the sulphate, from 
eleven to twelve parts of chalk or limestone, accordinj 
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to its pnrity, and five parts of coal. In some alkali 
works the materials are ground and sifted separately, 
and then carefally mixed ; but the trouble of grinding 
and sifting may be avoided without much inconve- 
nience, for the operation goes on successfully when 
the materials are merely broken into small fragments, 
and mixed in that state. 

The furnace having been heated, from two hundred- 
weight to a ton of the mixture (according to the size 
of the furnace) is shovelled in upon the preparatory 
bed, spread evenly over the surface, and transferred, 
when it has become hot, to the fluxing bed, which by 
this time should be at a full red heat. The mixture 
is transferred with the assistance of an iron tool, 
shaped somewhat like an oar. Whenever the first 
charge is shifted down upon the fluxing bed, a second 
charge shoidd immediately be placed upon the prepa- 
ratory bed. 

As soon as the mass on the fluxing bed becomes 
ignited, and begins to clot upon the surface, it is 
completely turned over by the oar or " spreader ;" and 
in the course of a few minutes afterwards, when jets 
of inflamed sulphuretted hydrogen and carbonic oxide 
gases, called " candles," begin to issue from various 
parts of the mass, the whole must be expertly worked 
about with the " spreader" and an iron rake, in order 
to equalize the mass, and constantly expose fresh sur- 
faces to the action of the flame. When the tempera- 
ture of the mixture seems to fall below the proper 
decomposing heat, the stirring and spreading may be 
discontinued for a few minutes, and the door closed 
to allow the mass again to attain a state of bright 
ignition. The agitation is then recommenced with 
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vigour, and continued until the jets of flame nearly 
disappear, when the mass is raked out into cast-iron 
troughs, each capable of holding about three hundred- 
weight. The time required for this part of the pro- 
cess of course varies with the quantity of material 
operated on; three hundredweight might easily be 
worked off in one horn", and a ton in about six hours, 
from the time the charge was first introduced. A3 
soon as the first charge is raked out, the second is 
shifted from the preparatory bed to the fluxing bed, 
and a third charge immediately laid upon the prepa- 
ratory bed. The product of this operation, which is 
known as black-ash, ball soda, and British barilla, 
should contain from twenty to twenty-four per cent. 
of available alkali ; a ball of three hundredweight 
affords, on the average, one hundredweight and a 
quarter of soda-ash. The composition of black-ash 
varies considerably with the skill of the soda-furnacer : 
the principal insoluble constituents are, carbonaceous 
matters, carbonate of lime, and a compound of lime 
and Bulphuret of calcium ; the soluble ingredients are, 
carLonate of soda, undecompoaed sulphate of soda and 
common salt, caustic soda, and generally some sul- 
phuret or bisulphuret of aodium. 

The operation which has just been described is the 

most important part of the soda process. By the fusion 

of sulphate of soda with coal, the former parts with 

I either the whole or a portion of its oxygen, and is 

I thereby reduced either to the state of sulphuret of 

sodium only, or else to a mixture of sulphuret of 

L sodium and carbonate of soda. In effecting this 

I abstraction of oxygen, the hydrogen of the coal plays 
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as important and active a part as the carbon ; but in 
the following diagram, illustrative of this decomposi- 
tion, the carbon of the coal may be supposed for the 
sake of simplicity to be the only reducing agent con- 
cerned. 

REDUCTION OF SULPHATE OF SODA Br CAEBON. 



2 Carbon — :^ 2 Carbonic acid gas. 



{z uaroon —^^ 2S v^aroonic acia gas, 
Carbon ^^ ..^ Carbonic oxide gas. 
Carbon -^ -^'"^ ^^""^^ 

4 Oxygen 

2e 




, ^^_^ Carbonate of soda. 

ot 



J. of ^sulphate L^g^g-^ 

2(NaO+SO.) ^- 

\ 2 Sulphur ^ Bisulphuret of sodium. 

Such is the manner in which the decomposition of 
an alkaline sulphate by carbon is viewed by Professor 
Liebig. If carbon is present in a greater proportion, 
it is taken up by the carbonic acid gas, which thereby 
passes into the state of carbonic oxide. 

By the fusion of sulphate of soda with carbonate of 
lime, as well as with coal, the sulphuret of sodium 
produced through the latter is converted into car- 
bonate of soda. The calcium of the carbonate of lime 
and the sodium of the sulphuret exchange places, and 
the resulting substances are sulphuret of calcium and 
carbonate of soda. The calcination of sulphate of 
soda with both coal and carbonate of lime at the same 
time is by no means essential to the process : if de- 
sirable, the sulphate might first be heated with coal 
alone, and the resulting sulphuret, or mixture of 
sulphuret and carbonate, be afterwards calcined with 
carbonate of lime. 
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The success of the suda pjocess is owing, in no 
small degree, to the apparently trifling circmnstance, 
that sulphuret of calcium, which is soluble in water 
to a certain extent when uamixed with free lime, 
possesses the power of uniting with caustic lime to 
form a compound insoluble in cold water. When the 
soluble sulphuret of calcium is added to a solution of 
carbonate of soda, carbonate of lime is precipitated, 
and sulphuret of sodium remains in solution. If the 
sulphuret of calcium in hlack-ash were soluble in 
water, the carbonate of soda would therefore return to 
the state of sulphuret of sodium, on lixiviating the 
black-ash in water. But fortunately, the whole of 
the sulphuret of calcium in the black-ash is, or ought 
to be, in combination with Ume as an insoluble com- 
pound, known in alkali works by the name of " soda- 
waste." The presence of an excess of lime is therefore 
essential to the success of the process. Though the 
sulphuret of calcium is not dissolved out from the 
soda-waste by cold water, yet very hot water effects 
the decomposition of the compound of sulphuret of 
calcium and lime, and consequently the solution of the 
sulphuret of calcium. Hence the application of very 
hot water to black-ash should be avoided. 

The next part of the process has for its object the 
separation of the soluble coustituents of black-ash 
from the carbonaceous and other insoluble matters 
present. This is the first step towards the prepara- 
tion of pure soda from black-ash. 

For this purpose the balls of black -ash are broken 
into fragments, put into iron vats, and covered with 
water. In tlie course of ten or twelve hours, the 
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solution thus obtained may be drawn off through a 
hole near the bottom of the yat, and the residue in 
the vat may be washed six or eight times successively, 
either with fresh water, or else with the washings of 
other vats almost exhausted. 

The solutions thus obtained being mixed are ge- 
nerally evaporated and the residue calcined in the 
same reverberatory ftimace, generally called the 
" white-ash furnace," a horizontal section or ground- 
plan of which is shewn at fig. 46. The extreme length 

Fig. 46. 
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of this furnace is about eighteen feet, and the breadth 
nirfe feet. Its interior is lined with fire-brick, be- 
tween which and the external masonry is placed a 
partition of sheet-iron. By the application of heat 
in this manner, in the form of hot air from a fire, the 
evaporation proceeds rapidly, quietly, and at a very 
moderate expense of fuel. Instead of evaporating 
the liquid to dryness, and immediately calcining the 
residue, the contents of the furnace, when they have 
attained the consistence of mortar, are sometimes 
raked out into a large iron vessel furnished with a false 
perforated bottom, to allow the mother-liquor to drain 
from the crystals. This mother-liquor is of a dark 
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red colour, and contains in solution a cotisiderable 
quantity of iron, probably as sulpburet in tbe form 
of a soluble combination with sulpburet of sodium. 
Tbe drained mass is next collected, and introduced 
into a reverberatory furnace called the " finish- 
ing furnace;" in which it is moderately calcined, 
and at the same time dexterously worked about in 
all directions, so as to bring every part of it within 
the action of the flame and in contact with the air. 

The residue of this operation, when ground under 
edge stones, is the " white-ash" or " soda-ash" of 
commerce : when the process has been properly ma- 
naged, it contains very little of either caustic soda, 
sulphuret of sodium, or hyposulphite of soda. The 
article thus prepared is sufficiently pure for nearly 
all the ordinary manufacturing applications of soda; 
but for a few purposes, particularly for the plate- 
glass manufacture, and for making the crystallized 
carbonate, the ash made as above requires to be ren- 
dered still purer, and this is now commonly effected 
by giving it another calcination in a reverberatory 
furnace moderately heated, sometimes, by a charcoal 
fire. The objects of this calcination are to cause 
the expulsion of sulphur from tbe soda-ash, and the 
combination of all the particles of caustic soda in 
the ash with carbonic acid derived from the fire. 
Tbe heat applied in this part of the process should 
not ranch exceed the melting point of lead. At that 
temperatui'e the sulphur goes off freely; but at a dull 
red heat, the sulphur, instead of being volatilized, 
seems to enter into more permanent combination with 
the alkali. The alkali requires to be worked about 
■with the oar and rake during the whole course of 
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this operation, which usually takes about three or 
four hours. The product is an excellent article for 
the plate-glass manufacturer. It is not usual at the 
present time to mix the carbonate with coal, saw- 
dust, or charcoal, in this part of the process, as was 
formerly practised. 

To obtain the crystallized carbonate of soda, the 
purified ash is merely dissolved in hot water to satu- 
ration, and the solution is run into shallow crystal- 
lizing pans of cast iron or of wood lined with sheet- 
lead, and allowed to become cold. If the ash has 
been calcined with saw-dust, coal, or charcoal, it is 
lixiviated with water, the solution is allowed to 
settle, and the clear liquor is drawn off and evapo- 
rated until a pellicle forms upon its surface, when it 
is run into the crystallizing pans. The crystalliza- 
tion may be considered complete in a week or less ; 
the mother-liquor, which contains nearly the whole of 
the foreign salts, is then withdrawn and evaporated 
to dryness ; the residue generally contains about 
thirty per cent, of alkali, and serves for the crown- 
glass and soap manufactures. 

A patent was obtained in 1841 by Mr. James 
Shanks, of St. Helen's, Lancashire, for processes for 
impregnating black-ash and white-ash with carbonic 
acid gas, for the purpose of converting the caustic soda 
and silicate of soda contained therein, into carbonate. 
In one of these processes the black-ash is broken into 
fragments and disposed in several layers each of three 
or four inches in depth, in a stone or iron vessel called 
the " carbonator." The layers having been moistened 
with water, carbonic acid gas is admitted into the 
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carbonator hj a pipe, the air being allowed to escape 
by another pipe. When the odour of sulpliuretted 
hydrogen is strongly perceptible at the exit pipe, the 
whole of the soda is considei'ed to be carbonated ; the 
introduction of carbonic acid is then discontinued, aud 
the black-ash is removed to the vats, and lixiviated 
in the ordinary manner. The ley prepared from black- 
ash may be exposed to the action of carbonic acid, 
instead of the solid ash itself. The carbonator used 
for this purpose should have a capacity of sixteen 
cubic feet for every ton of white-ash, or sis cubic feet 
for every ton of soda-crystals, to be made daily. 
Across the bottom of the carbonator is thrown an arch 
of open brick -work, and the space above is filled with 
small pebbles, over which flows the solution to be car- 
bonated, which is admitted at the top. The carbonic 
acid gas is introduced below the arch, and allowed to 
rise in the carbonator between the pebbles, the air of 
the vessel escaping by a pipe at the top. The liquor 
loses its greenish-yellow colour (which seems to be 
dne to traces of sulphuret of iron held in solution by 
sulphuret of sodium) when sufficiently carbonated. In 
another process, the last or weakest soda liquor from 
the lixiviating vats is supersaturated with carbonic 
acid gas in the carbonator, and then used for lixiviat- 
ing fresh charges of black-ash. Mr. John Wilson 
obtained in 1840 a patent for some improvements in 
the manufacture of carbonate of soda, which included 
the application of as much bicarbonate of soda to black- 
ash, or white-ash, as might be necessary to convert the 
■whole of the caustic soda in the ash into carbonate.* 

• Mr. Wilson's potent also included a raadc of prcpariiig carbonate of 
BOilii from sulphuret of sodium, by mixing with a solution of forty-eighl 
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Besides the modifications of the common soda pro- 
cess which have been already described, seyeral more 
considerable changes have been proposed, neither of 
which, however, has yet come into saccessfiil compe- 
tition with the process of Leblanc. 

A method of procuring caustic soda directly from 
common salt was long ago contrived by Mr. Turner, 
which consisted in intimately mixing and rubbing 
together one part of salt, from four to six parts of 
litharge (protoxide of lead), and a little water. Double 
decomposition takes place between the salt and a 
portion of the oxide of lead, with formation of caustic 
soda and chloride of lead: the former is dissolved 
out by water, and the latter remains in an insoluble 
state in combination with another portion of litharge 
as an oxi-chloride of lead. After being fused and 
levigated, the oxi-chloride forms the pigment known 
as " patent yellow." This mode of procuring soda 
has been abandoned as a manufacturing process, in 
consequence of the limited sale of the pigment. 

To procure caustic soda directly from sulphate of 
soda, it has been proposed to decompose the sulphate 
by a solution of caustic barytes. When a solution 
of sulphate of soda is mixed with a solution of caustic 
barytes, the sulphuric acid of the sulphate unites 
with the barytes to form the insoluble sulphate of 
that earth ; and if the mixture is made in the proper 

parts of the sulphuret, eighty-five parts of hicarhonate of soda. If the 
sulphuretted hydrogen gas thus disengaged is to be collected, the ma- 
terials may be mixed in a covered iron pan furnished with a pipe to con- 
duct the gas to a gas-holder ; but if the gas is not required, the operation 
may be carried on in a common white-ash furnace. The mixture is 
evaporated to dryness, the residuary carbonate is dissolved in water, and 
the clear solution is decanted and concentrated by evaporation. 



MANUTACTUEE OF SODA FROM COMMON SALT. 448 | 

proportion, nothing should remain in the solution but 
caustic soda. If an excess of barytes has been ap- 
plied, it is precipitated as carbonate on cTaporating 
the solution with access of air; or it may be more 
conveniently removed by adding an additional quan- 
tity of sulphate of soda. The difficulty of procuring 
with facility the requisite quantity of caustic ba- 
rytes, will probably always prevent any process of 
this kind from becoming general. 

An interesting process for obtaining carbonate of 
soda from common salt has been proposed by Messrs. 
Hemming and Dyer, which is founded on the com- 
portment of a solution of salt with a solution of bi- 
carbonate of ammonia. When the carbonate of am- 
monia of the shops, which contains bicarbonate of 
ammonia, is added in a state of fine powder to a so- 
lution of about an equal weight of salt in three parts 
of water, the mixture being well stirred, a white 
crystalline precipitate appears in a few hours, which 
causes the liquid to become thick. The precipitate 
is bicarbonate of soda, and the liquid contains in 
solution muriate of ammonia, these two substances 
being the products of the double decomposition of 
bicarbonate of ammonia and chloride of sodium.* 

In the manufacturing process founded on this re- 
action it is proposed to commence by mixing with 

• This decomposition is moat gimply atnled on the ammonium theory, 
which supposes the muriate of ammonia and bicarbonate of ammonia to 
contein n radical compoaed of NH,, which is named ammonium, and 
which occupies in the ammoniacal ealts tlic place of a metal, as potas- 
aiom and sodium in the salts of potash and finda. Bicarbonate of am- 
monia may then be considered as a double carbonate of water and oxide 
of ammonium, or HO, CO, + NH,0, CO,, as bicarbonate of soda ia 
the double caTbonate of water and oxidr nf sodium ; and murisle of am- 



« 



444 THE SODA MANUFACTURE. 

salt an impure carbonate of ammonia, such as the 
liquor furnished by the distillation of bones; and 
having separated the solid bicarbonate of soda by 
pressure in a screw-press, to reconvert the muriate 
of ammonia in the mother-liquor to carbonate, by 
evaporating the liquid to dryness, and heating the 
residue in a distillatory apparatus with carbonate of 
lime, as in the ordinary mode of preparing carbo- 
nate of ammonia. Unless particular precautions are 
adopted, the loss of ammonia in this process must be 
very great and inevitable, from two reasons : first, 
when a mixture of muriate of ammonia and carbonate 
of lime is heated, a portion of the ammonia is always 
disengaged in the free state, the product not being 
a neutral carbonate, but a sesquicarbonate, contain- 
ing, to three equivalents of carbonic acid, two equi- 
valents of ammonia. In this process, one eq. of 
ammonia out of three is disengaged in the free state 
as a gas, and lost, unless particular means are adopted 
to retain it. Again, when the sesquicarbonate of 
ammonia is dissolved in water, it is resolved into the 
neutral carbonate and the bicarbonate ; but the common 
salt is decomposed by the bicarbonate only ; the neu- 
tral carbonate remains in the mother-liquor, and is 
decomposed during the evaporation into free ammonia 
and the bicarbonate, both of which are volatilized. 
By making use of such an apparatus as would allow the 
itmmoniacal gas and the bicarbonate of ammonia thus 
disengaged to be conducted into a condenser of some 

i||t^«i^ «8 the chloride of ammonium, NH^, CI ; or the analogue of chlo- 
*i^ vJt ftodium. On this view, the mutual decomposition of hicarhonate 
w^ mUf)OT>niw and chloride of sodium is nothing more than the transpo- 
^^MMM:/^^ ammonium in the former, and the sodium in the latter. 
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kind, this process might perhaps be found the most 
economical of all those for preparing carbonate of soda 
from salt. 

The preceding process, with a slight modification, 
has been made the subject of a patent " for improve- 
ments in the manufacture of sal-ammoniac." The 
patentee proposes to impregnate the mixture of the 
two materials with as much carbonic acid gas as it 
will absorb, whereby the sesquicarbonate of ammonia . 
is wholly converted into the bicarbonate. This is 
probably a decided improvement on the process of 
Messrs. Hemming and Dyer. 

MM. Blanc and Bazille have proposed and pa- 
tented a soda process founded on the decomposition 
of common salt by silica, at a high temperature and 
in the presence of steam. When the vapour of water 
is passed through an intimate mixture of common 
salt and siliceous sand, contained in a porcelain tube 
heated to bright redness, the salt is decomposed, its 
chlorine unites with tlie hydrogen of the steam to 
form hydrochloric acid which escapes as a gas, while 
its sodium unites with the osygen of the steam and 
with the silica to form silicate of soda. This decom- 
position does not take place without the presence of 
water. The resulting silicate of soda may be freed from 
all undecomposed salt hy lixiviation in water, in which 
the silicate is scarcely soluble. To procure the silicate 
in a state of solution, it is calcined with a little, car- 
bonate of soda in order to form a subsilicate which may 
be dissolved in water. From such a solution carbonate 
of soda may be obtained by impregnation with car- 
bonic acid gas, which causes the precipitation of gela- 
tinous silica. Carbonate of soda remains in solution. 
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In carrying out this process on a manufacturing 
scale, it b proposed to introduce the niixtnre oi salt 
and siliceous sand into cast-iron cylinders arranged in 
furnaces in a manner similar to gas retorts, so that 
the flame may envelope them and raise them to a 
cherry-red heat. A large perforated tube for the 
introduction of steam, as long as the cylinder, is to 
traverse the axis of each cylinder ; and from one ex- 
. tremity of the cylinder is to proceed a large porcelain 
or stone-ware tube for the purpose of conducting away 
the evolved muriatic acid. The latter tube should 
have a large orifice, to prevent its being choked up by 
volatilized salt ; and it should lead into a large empty 
chamber in which the volatilized salt might be de- 
posited. A communication should be established be- 
tween this chamber and a series of stone cisterns 
containing a little water for the purpose of condensing 
the muriatic acid. 

Each cylinder being loosely filled with an intimate 
mixture of twenty-eight parts of salt and twenty 
parts of sand, is to be raised to a cherry-red heat, and 
steam be slowly and steadily admitted into the per- 
forated tube from a boiler. The mass thus obtained 
is to be lixiviated with water, to remove the unde- 
composed salt ; and the washed silicate be calcined at 
a red heat with about six- tenths of its weight of car- 
bonate of soda, until the mixture is vitrified. The 
resulting subsilicate may be employed in the glass 
manufacture ; or else, to obtain carbonate of soda, it 
may be dissolved in water, and the solution be im- 
pregnated with carbonic acid gas, as before described. 
The patentees prefer procuring the carbonic acid gas 
from limestone by calcination in continuously acting 
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lime-kilns. To the top of the lime-kiln is adapted a 
dome-top, from which a tube passes into the vessel 
containing the solution to be carbonated. It is said 
that the draught through the kiln is quite sufficient 
to maintain a proper combustion to the end, if a 
large single vessel is employed to contain the solu- 
tion, instead of several small vessels. It is probable 
that the manipulations required in these operations 
would be tedious, and the decomposition of the salt in 
the cylinders too slow and incomplete to allow of this 
process being carried on successfully on a large scale. 
The principles on which is founded the patent for 
improvements in the manufacture of the fixed alkalies 
and their carbonates, obtained a few years ago by 
Mr. William Hunt, are briefly the following. When 
the product of the decomposition of sulphate of soda 
by coal or coke is lixiviated with water, and the 
solution (which contains sulphuret and bisulphuret of 
sodium, with caustic soda and carbonate of soda,) 
boUed with oxide of zinc or black oxide of copper, 
double decomposition ensues between the sulphuret 
of sodium and oxide of copper or oxide of zinc, with 
production of the insoluble sulphuret of copper or 
zinc and a solution of caustic soda. The metallic 
sulphuret obtained in this operation may be made 
available in the preparation of another quantity of 
sulphate of soda from common salt, with the repro- 
duction of oxide of copper or oxide of zinc, by either 
of the two following methods : 1°, by burning it at a 
high temperature in a current of atmospheric air, 
and conducting the sulphurous acid thus produced 
into a leaden chamber to be converted into sulphuric 
acid in the ordinary manner ; or, 2°, by roasting the 



448 THE SODA MANUFACTURE. 

8ulphuret at a temperature of about 400** F., with ex- 
posure to the air, whereby the metallic sulphuret is 
converted into sulphate. The sulphuric acid ob- 
tained bj the first of these methods is applied to the 
salt in the usual manner, and the calcined oxide re- 
maining as the residue of the sulphuret is again em- 
ployed in the decomposition of sulphuret of sodiam. 
The sulphate of copper or sulphate of zinc obtained 
by the second method, after having been freed from 
the accompanying oxide or unaltered sulphuret by 
lixiviation in water, may be mixed with a solution 
of common salt, whereby sulphate of soda and chlo- 
ride of copper or chloride of zinc are produced. The 
alkaline sulphate may be separated from the metallic 
chloride by crystallization, and oxide of zinc or oxide 
of copper fit to be used for the decomposition of more 
alkaline sulphuret may be obtained from the mother- 
liquor by the addition of milk of lime. Or the me- 
tallic sulphate procured by roasting the sulphuret 
may be distilled at a bright red heat with a view of 
obtaining sulphuric acid, a small stream of air being 
allowed to pass through the distilling furnace, and 
the acid vapour and gases be conducted into a con- 
denser similar to the sulphuric acid chamber. 



§ IV. ALKALIMETRY. 

The branch of chemical analysis termed alkali- 
metry has for its object the determination of the 
value of the carbonates of potash and soda met with 
in commerce, by making an estimation of the amount 
of available alkali they contain. The available alkali 
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Fig. 47. 



is that which exists in the free or caustic state, and 
that which exists as carbonate. Two simple processes 
for obtaining this have been contrived, by which 
results of sufficient accuracy for all ordinary purposes 
may be obtained with ease, after a very little expe- 
rience. 

In one of these methods, the experiment consists in 
finding what quantity of an acid is required to destroy 
the alkaline reaction of a known weight of the spe- 
cimen to be tested. The quantity of acid required 
for the neutralization of a soda-ash which contains 
none other than the usual impurities, common salt 
and sulphate of soda, is of course exactly equivalent 
to the quantity of soda present in the free state and 
as carbonate. 

In this operation, a tube measure called 
an alkalimeter is employed (fig. 47), about 
fourteen inches in height, and five-eighths 
of an inch in diameter, mounted on a foot, 
and capable of holding, when quite full, 
a little more than 1,000 grains of water. 
It is graduated up to this amount into 
one hundred divisions, numbered from the 
top downwards ; each division, therefore, 
represents ten grains of water. 

The acid employed for the neutralization of the 
alkali is sulphuric, made of such a strength that a 
single measure of the alkalimeter (ten grains mea- 
sure of water) is sufficient to neutralize exactly 
one grain of pure soda. Acid of this strength is 
obtained in the following manner: 170"6 grains of 
pure carbonate of soda (prepared by heating the bi- 
carbonate to dull redness in a clean platinum or 
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porcelain crucible) are dissolved in four or five ounces 
of hot water. This quantity contains exactly 100 
grains of pure soda. A quantity, say a pint, of a 
dilute acid is prepared by mixing one part of oil of 
vitriol with ten of water by measure, with which the 
alkalimeter is filled to (1,000 grains measure of 
water), and poured from this very gradually into the 
solution of carbonate of soda above mentioned, until 
it has destroyed the alkaline reaction of the latter on 
test paper, and the mixture has become very feebly 
acid. The quantity of acid which has been required 
to produce this effiect is accurately observed. Sup- 
posing it to be 90 measures, that quantity is of course 
equivalent to 100 grains of soda; but an acid is 
wanted, of which 100 measures instead of 90 are re- 
quired to neutralize the soda : to procure this, we 
have simply to add to 90 volumes of the acid 10 vo- 
lumes of water, so that the amount of real acid which 
was before contained in 90 shall now be contained in 
100 parts. For this purpose, any vessel of sufficient 
capacity accurately divided into 100 equal parts will 
suffice. Such is the method of preparing the test-acid^ 
of which 1 alkalimeter measure (10 grains of water) 
is equivalent to 1 grain of pure soda: 22 measures 
should neutralize 100 grains of crystallized carbonate 
of soda, and 58^ measures 100 grains of anhydrous 
carbonate of soda. 

In performing an actual analysis, 100 grains of the 
soda-ash to be tested are weighed and dissolved in about 
three ounces of hot water ; the solution is filtered if any 
carbonate of lime is present, and neutralized with the 
test acid poured from the alkalimeter. The number 
of measures required represents the amount of soda per 
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cent, in the specimen. If 50 grains of the soda-ash 
are operated on instead of 100, the number of mea^ 
sures must of course be doubled to obtain the per- 
centage of soda. The test-paper employed in alkali- 
metry should be exceedingly delicate;* and a dis- 
tinction must be made between the purplish-red tint 
which carbonic acid produces, and the distinct red- 
dening produced by sulphuric acid, which should 
be the indication to guide the operator. The slight 
reddening which carbonic acid produces may be dis- 
charged by the application of a gentle heat. 

If the only impurities contained in the soda-ash to 
be tested are chloride of sodium, sulphate of soda, and 
insoluble matters, the process jnst described may 
afford results of sufficient accuracy; but frequently 
other bodies are present which interfere with this 
process by neutralizing a portion of the test-acid, 
such as sulphuret of sodium, and sulphite and hypo- 
sulphite of soda, which are liable to occasion a consi- 
derable error by taking up the sulphuric acid. One 
method of avoiding this source of fallacy consists in 
mixing the solution of the ash with chlorate of potash, 
evaporating to dryness, and heating the residue to 
redness ; the sulphuret, sulphite, and hyposulphite are 
thereby converted into the sulphate of soda, which 
does not interfere in the process. A more convenient 



t test-paper for alkalimetTy is prepared by dip- 
ping good letter-paper sefeml times into a concentrated infusion of the 
red cabbage. The infusion should be prepared by pouring hot water 
upon the cabbage in an earthenware (but not in a metallic) evapo- 
rating pan, and be concentrated by evaporation at a temperature coii- 
aideralily below the boiling point. The dull gTeyish paper thus made 
acquires a bright green colour by contact with alkalies, aiirl a bright rod 
colour by acids. 

Su2 
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method of avoiding error from this sonrce may be 
adopted when the soda-ash is tested hj another alkali- 
metric process, to be noticed immediately. 

The same test-acid used for soda may also he em- 
ployed in the examination of the carbonates of potash; 
but as the equivalent of potash is higher than that of 
soda, the number of measures poured from the alkali- 
meter cannot represent the per-centage of tliis alkali, 
as it does that of soda. A simple calculation, how- 
ever, reduces the numbers for soda to those for potash ; 
their respective equivalents being very nearly as 4 to 
6, the number of measures necessary to neutralize 100 
grains of the specimen, multiplied by 6 and then di- 
vided by 4, gives the per-centage of potash required. 
In the other alkalimetric process above alluded to, the 
proportion of real alkali b determined by observing the 
amount of carbonic acid gas disengaged on the neutral- 
ization of the carbonate, which amount is proportional 
to the quantity of pure alkali in the carbonate decom- 
posed. But this process is of no value whatever when 
the soda-ash contains either caustic soda or bicarbonate 
of soda. The operation is conducted in the following 
manner : A known weight, say 50 grains, of the soda- 
ash to be tested, is introduced into a flask similar to 
Fig. 48. that represented in the annexed fi- 

gure. The flask should be thin at the 
bottom to allow of the application of 
heat, and have the capacity of three 
or four ounces of water. It is fitted 
with a cork which has a perforation 
to admit a small bent tube, and the 
latter is connected by means of ano- 
ther cork with a somewhat larger tube a, containing 
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fragments of dry chloride of calcium. The extremity, 
fi, of this tube is drawB out so as to be capillary. 
The small tube c, within the dask, is intended to hoM 
sulphuric acid to decompi:)se the carbonate, and is of 
such length that it will not fall flat on the bottom of 
the flask, but rest against the side at an angle of 
about 45° with the bottom, so that on inclining the 
flask, all the acid contained in this tube can be made 
to flow out. The apparatus being ready, the weighed 
carbonate is introduced into the empty flask, with 
about half an ounce of water ; the small tube c, con- 
taining sufficient strong sulphuric acid to decompose 
the carbonate, is then introduced, care being taken 
that no acid comes into contact with the carbonate, 
and the flask is closed by the cork attached to tlie 
chloride of calcium tube. In this state the apparatus 
is carefully weighed. After the weighing, the flask is 
inclined, in order that a little of the acid in the tube 
c may flow out and come into contact with the car- 
bonate; and the acid is poured out by little and little, 
until the carbonate is entirely decomposed. An ex- 
cess of sulphuric acid occasions no inconvenience 
whatever. As the evolved carbonic acid gas is dried 
in its passage through the chloride of calcium tube, 
nothing else than this gas escapes, and the loss in 
weight of the apparatus at the close of the experiment 
is the weight of the carbonic acid required. But as 
the flask is now full of carbonic acid gas, which is 
considerably heavier than air, it should not be weighed 
in its present state. To get rid of the remaining car- 
bonic acid, the flask is gently heated, so as to fill it 
with a<j^ueous vapour, and thus drive out the gas ; the 
steam itself should not proceed fiirther than tlie 
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chloride of calcium tube. On the condensati<Hi of 
the steam, air enters the flask, which, when cold, is 
in the same condition, as to weight, as it was wh^i 
weighed before the decomposition of the carbonate, 
save only in the loss of carbonic acid. 

The carbonic acid gas remaining in the flask at the 
close of the decomposition may be more easily removed 
by affixing to the cork of the flask another small tube 
open at both ends ; one end may reach nearly to the 
bottom of the flask, and the other an inch or so £rom 
the cork, so as to be conveniently closed by the finger 
during the decomposition, in order to prevent the pas- 
sage of the gas through that tube. At the close of 
the decomposition the flask is very gently heated, 
merely to expel the carbonic acid dissolved in the acid 
solution ; another chloride of calcium tube is then at- 
tached by a cork to the end of the open tube; and the 
carbonic acid having been first blown out through the 
tube a, by the mouth applied to the other chloride of 
calcium tube, fresh air is sucked in by applying the 
mouth to a perforated cork or small tube adapted to 
b. The flask is then in a fit state to be weighed. 

If all the available alkali is in the state of neutral 
carbonate, and no sulphite or hyposulphite of soda or 
sulphuret of sodium is present to occasion an evolution 
of sulphurous acid or sulphuretted hydrogen, then the 
value of the soda-ash may be calculated from the loss 
in the weight of the flask at the close of the experi- 
ment: 22 parts (1 eq.) of the disengaged carbonic 
acid indicating 31-3 parts (1 eq.) of soda.* 

* The following little table will serve to facilitate this calculation 
considerably : 

1 part of carbonic acid indicates 1*4227 parts of soda. 

2 parts ,; indicate 2*8454 „ 
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The ingredients of soda-ash which would affect the 
results obtained by this process are carbonate of lime, 
sulphite and hyposulphite of soda, sulphuret of so- 
dium, caustic soda, and bicarbonate of soda. 

The inconvenience which arises from the presence 
of carbonate of lime, may be atu-mounted by dissolving 
the soda^ash in water and filtering the solution ; but 
the filtered liquid requires to be concentrated by 
evaporation to a very small bulk, proportional to the 
size of the flask. This operation, however, rarely 
needs to be practised in testing soda^ash for commer- 
cial purposes. 

The presence of sidphite or hyposulphite of soda or 
sulphuret of sodium may be detected by adding some 
of the 8oda-ash to dilute sulphuric acid, coloured red- 
dish-yellow with bichromate of potash, the alkali not 
being added in sufficient quantity to saturate the acid. 
If the above salts are present, the reddish-yellow 
colour is changed to green, owing to the deoxidation 
of the chromic acid and formation of oxide of chro- 
mium. Soda-ash which contains sulphuret of sodium 



3 jarts gf carbonic acid indicate 4'2681 parts of eoda. 
„ 5-6908 

7-1135 „ 



As an example of thi 
)f carbonic acid diaengaged 



12' 8043 



;[ of using tliis tabic, suppose the amount 
Ti 50 grains of soda-ash to be 17'7 grains; 
1, 100, 7-0, and 0-7. Tlie amount of soda indicated bj 10 grains 
of carbonic acid is found by shifting the decimal point of the Diiniber 
for 1 to one figure to the rigiit, which gives 14-227, the amount Indi- 
cated by 7'0 groins is 9-9589, and that by 0-7 grains is 0-99S89. The 
sura of these three numheiB may be taken as 25'2, which multiplied by 
2 gives the pcr-centage of alliali reijuirerl. 
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gires a black precii»tal;e witli a solation of acetate of 
lead, and disengages the odour of hydrosnj^hate <^ 
ammonia when moistened with a solution a( caaoDm 
carbonate of ammonia. To aroid the eYotndoii of 
sulphurous acid or sulphuretted hydrogen during the 
operation, MM. Fresenius and WUl reocmunend tk 
addition to the soda-ash of a small quantity of ydkw 
chromate of potash, the chromic acid of which serves 
to oxidize the sulphurous acid into sulphuric, and the 
hydrogen of the sulphuretted hydrogen into water, 
with separation of sulphur. As soda-ash is seldom or 
never altogether free from one of these impurities, 
the yellow chromate may be always added in this 
mode of testing, and the trouble of first ascertauiing 
the presence of the sulphite, &c., by a preliminary ex- 
periment, be avoided* 

One method of determining on the presence or ab- 
sence of caustic soda in the carbonate of commerce, by 
observing the colour of the precipitate produced by 
nitrate of silver, has already been alluded to (page 
416) : another method consists in adding an excess of 
perfectly neutral chloride of barium to the soda-ash, 
treating the mixture with hot water and filtering; if 
the filtered liquid produces an alkaline reaction on 
test-paper, the presence of caustic soda may be in- 
ferred. Sulphuret of sodium would interfere with 
either of these tests, but the sulphuret is never found 
unaccompanied by the caustic alkali. Before a speci- 
men of soda-ash containing caustic soda can be tested 
for its alkali by this process, the caustic soda must be 
converted into neutral carbonate. To effect this, the 
weighed sample may be rubbed up with from one- 
fourth to one-third of its weight of powdered carbonate 
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of ammonia, and three or four parts of siliceous sand; 
the mixture is placed in a porcelain capsule, tho- 
roughly wetted with water, and then heated until the 
whole of the water and carbonate of ammonia is ex- 
pelled (MM. Fresenius and Will). In this operation 
the caustic soda unites with the carbonic acid of the 
ammoniacal salt, and free ammonia is disengaged. 
When the odour of ammonia is no longer perceived, 
the mass is transferred to the flask and decomposed in 
the ordinary manner. The principal use of the sand 
is to prevent the mass from caking. When the soda- 
ash contains sulphuret of sodium, the carbonate of 
ammonia should first be mixed with sufficient solution 
of ammonia to convert the bicarbonate always present 
in the common carbonate into the neutral carbonate ; 
the latter is without action on the alkaline sulphuret, 
but the bicarbonate of ammonia and sulphuret of so- 
dium suffer mutual decomposition wlien placed in con- 
tact, water being also present. If the object of the 
experiment is to determine the relative proportions of 
caustic and carbonated alkali, the soda-ash may be 
operated on both before and after treatment with 
carbonate of ammonia, and the amounts of caustic 
and carbonated alkali be calculated from the differ- 
ence in the results of the two experiments. The 
same objeot may also be attained by testing the soda- 
ash by both of the alkalimetric processes here de- 
scribed ; by the first, to determine the entire propor- 
tion of alkali, and by the second, to determine the 
proportion of carbonic acid. 

After lengthened exposure to the aii', soda-ash 
sometimes contains a little bicarbonate or scsquicar- 
bonate of soda, which would interfere with the re- 
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solu c^iuinad br thk medicid of altalimetrr, if pre- 
ficnt in an af ^preciaUe qtuntitT. To detect the pie- 
KHOEr of tLe bicikriK<sial£, xht »:ida-ash is disscilved in 
wia#er. mixed vith an excess of sofamoD of chloride of 
cakinnL aa-i the s^Jutioii is filtered from the precipi- 
taxe ii CMJ^:iui:se ii lime: the filtered liquid is then 
vssuA with pore yAxaMU of ammonia : if a precipi- 
tax^ <.€ torioditT appears, the l»carbc»iate is pr^ent 
The veigfaed sample of soda-ash must then be heated 
t*:* dnll Kdness to reduoe the bicarbcmate to neutral 
carttcoate. befc4« it can be tested by thb proems. 
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Morocco leather, 334. 




imitatiun, 238. 


of sulpiiaric add. 


381. 


Mottled soap, 327. 


IroQ, ailicals of, 16. 




„ „ colourofthevEinsof.due 
to iron, 338. 
Moussoohe, U3. 


K. 




Mucilaginous starch, 150. 
MiiriBteofsoda,423. 


Kelp, 419, 420. 




Muriatic acid, 428. 


Kid-leather, 337. 






Kips, 191. 






„ preparation of, for tanning 
L, 


204. 


N. 

Nine and nitrate of wida, use of, in 
the maauiaclure of sulphuric acid, 


Lagoons, horacic, 37 ! . 




377. 



462 



INDEX. 






o. 



Oak-bark, 173. 

Oil, purification of, 307, note. 

Oils, chemical constitution of fixed, 294. 

„ drying, 308. 
Oleate of soda, 296. 
Oleic add, 294, 306. 
Oleine, 294, 305. 



P. 



Palmitin, 311. 

Palm-oil, how obtained, 310. 

present. consumption o^ 311. 
processes for bleaching, 312. 
properties of^ 310. 
•* Patent yellow" paint, 442« 
Pinic acid, 320. 
Plate-glass, 62, 66. 

annealing of, 69. 
blowing of, 74. 
casting of, 67. 
density of, 10. 
invention of, 6. 
materials for making, 63. 
silvering of, 72. 
„ works at Ravenhead, 65. 
Ponta, 41. 

Porcelain, Reaumur^ 22. 
Potash for glass-making, 27. 

„ silicate of, 13. 
Potatoe, composition o^ 125, 127. 
Potatoe-starch, apparatus for preparing, 

132. 
„ preparation o( 124. 

„ uses of^ 137. 

Potatoes, estimation of quantity of 

starch in, 128. 
Procello, 42. 

Plate-glass, grinding, smoothing and po- 
lishing of^ 71. 
Pyrites burners for making sulpkuric 

acid, 382, 383, 884. 
Pyrites, use of iron, as a source of sul- 
phur, 341, 353. 
M use of iron, in the manufacture 
of sulphuric add, 381. 



>» 
ft 



R. 



(( 



Raising ^^ of hides by acids, 199. 
Rasp for potatoes, 133. 
Ravenhead plate-glass works, 64. 
Reaumur's porcelain, 22. 
Rice, composition of^ 118. 
Rice-starch, 118. 
Roan, 237. 



Rock-salt, 424. 

Rosin, preparation and composition oi, 

319. 
Russia leather, 242. 



S. 



Sago, 141. 

Salep or Saloup, 143. 
Sal-gem, 424. 

Salt, action of sulphuric acid on com- 
mon, 428. 
Salt-cake, 431. 
Salt, common, 423. 
Sand for making glass, 25. 
Sandiver, 39. 

Saponification, theory o^ 294, 296, 297. 
Shell-lac varnish, 267. 
Silica or silidc acid, 10, 25, 26. 
Silicates, 12, 18, 19. 
Silicate of alumina, 15. 
„ of iron, 26. 
„ of lead, 16. 
„ of lime, 15. 
Silicates of potash and soda, 1 3. 
Silicated soap, 329. 
Skin of animals, composition of^ 163. 

„ „ structure of, 163. 

Skins, mode of splitting, 228, note, 

„ preparation of, for tanning, 204. 
Skiver, 237. 
Soap, 293. 

„ chemical constitution of, 293, 294. 
„ comportment of^ with common 

salt, 323, Hois, 
„ consumption of^ in Great Britain, 

334. 
„ duty, arguments in &vour of the 

repeal of the, 336. 
f, manu&cture of white, see White 

soap. 
M manu&cture of soft, 331. 
„ mottled, 327. 
„ silicated, 329. 
„ transparent, 831. 
„ white, see White soap* 
„ yellow, 329. 
Soap-making, '* coppers** used in, 321. 
„ '' finmes** used in, 326. 

„ materials employed in, 

299. 
„ oily matters employed in, 

301. 
„ preparation of leys for, 

300. 
Soaps, division of^ into hard and soft, . 

295. 
Soda, bicarbonate of^ 417. | 



